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ABSTRACT 


Two experiments were performed in order to 
investigate differing predictions from the _ spatial 
mapping hypothesis of hippocampal function proposed by 
O'keefe and Nadel (1978) and the working memory 
hypothesis proposed more recently by Olton and his 
colleagues. 

In Experiment One groups of rats were trained to 
use different strategies to locate a submerged platform 
in a tank of water. Group MAP used a spatial mapping 
Strategy to locate a fixed platform, and group CUE used 
a guidance stategy (following a suspended cue) to 
locate a platform which was relocated after every 
trial ,2@thollowing® acquisition half of each’iigroup:. | was 


given a Single low level unilateral electrical 
Stimulation of the dentate gyrus and then run for four 
trials. A large interaction was’ found between 


stimulation heand *gmouwp i7 indicating cthatisonly | the »«-MAP 
group was impaired following stimulation. 

In Experiment Two a working memory component’ was 
added to the Experiment One task, by requiring the 
subjects to determine on the first daily trial, which 
of four potential platform Locations was correct, for 
the spatial mapping group, or which suspended cue 
Signalled the platform, for the guidance strategy 
group. Working memory was required in that subjects 
then had to remember the results of this first trial 
for the remaining daily trials, in order to 
subsequently find the platform. Following acquisition 
stimulation once again selectively impaired the group 
using the spatial strategy, while the guidance strategy 
group was unimpaired. These results have important 
implications for the current controversy between the 
Spatial mapping and working memory hypothesis of 
hippocampal function. 
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INTRODUCTION 


sance | the .rmioine lL. ywreport .by,.,ocoville.jand,; Milner 
Gl957.).0f thescelebrated subject HH. Ma, a concerted .effort 
has been made to characterize memory deficits produced by 
interference with hippocampal function in laboratory 
animals. The research engendered by the original finding of 
severe anterograde amnesia and partial retrograde amnesia 
imps rihatesandhothers. dhas «shown hippocampal Subyeet s Ato mbe 
impaired in a bewildering variety of tasks. Consequently it 
is not surprising that this massive body of data has’ lead 
to a large number of different hypotheses concerning the 


fine tiomyadt’ thethippocampys::. «lilwas the purpose: of ) \ythe 


present series of experiments to investigate two of the 
major hypotheses which have been advanced concerning 
hippocampal function, the spatial map hypothesis, and the 
working memory hypothesis. To begin with, though, a brief 


summary of some of the earlier hypotheses of hippocampal 


funet hon, «bs, <provi ded. 


EARGY HYPOTHESES “OF HIPPOCAMPAL FUNCTION 


Oe 


One interesting point concerning the majority of earlier 
hypotheses to be advanced is that they tended to propose a 
hippocampal i sroleswiteh diditinot «dinect ly yinvolve® meditation 
ofagmemorypiprocesses: Thekpriméoredson for Pthisgnus tha eit 
was quickly discovered that hippocampal damage to animals 


didpinot Eproduceypimpairments ) gin .ssimples;:hearning) wuasks 
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comparable stowtnose of Hi’ Mest WhaVe De appeared” that HLM. 
was unable to acquire any new information following his 
surgery, numerous” reports ~ from?” they” animal’ “literature 
concluded that hippocampal subjects were unimpaired in 
simple classical” “and operant “Conditioning ‘tasks. The's‘e 


findings made it necessary to postulate something other 


than a purces > wenoryss deficit. to’ account for those 


impairments which had been reported in the early animal 
lateracure . 

For example the response inhibition hypothesis, 
proposed by Douglas and Pribram (1966) suggested that 


hippocampal subjects were unable to inhibit their 


responding in a task in order to switch to a more adaptive 
response,° when? the>conditions’ of’ the task changed’. Findings 
wile hye were 'crted in Vsi'pporc” of°* this? ? hypothesis! Pinciude 
impairments im “a” wifde® * range of ~tasks®! wha'ch® involve 
inhibition of some ongoing resonse in order to switch to a 
more’ appropriate response’. ’ The™'list of such tasks in which 
hippocampals were found to be impaired includes habituation 
(Leaton, 1965; Meation, — L907). extinct tonne in. Operant 
Conditioning (isaacson.9 Doue lass S* Moores * 19619 Nikay, 1062" 


Jarrardeetisaacson,:)& Waickelgrens!) 19645" Kimble, ©1906)5 


extanction invelassical’ conditioning’ (Niki, Y190599"% initial 
Stageas’ or “reversal tasks » (Douglas & Pribram, 1966), 
spontaneous alternation (Roberts, Dember & Brodwick, 19625 


Douglas: S*isaacson, ©19645* Douglas,~* Peterson’ & “Douglas, 
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b973),eand tsaqccessiviesdiscrimination (Stein & Kimble ,.1966; 
Jarrard st. bewiks 71967; /Hostetter sé Thomas, 1967). Typically 
hippocampal subjects tend to perseverate (Peretz, 1965; 
Nase ass L9G > sSeDou elas ePribiram 5 FoO66saebrewn, ~Kautmans, <& 
Mareo, L960." sheanchina. .G,+Brown, LO7 0) Meand ) sare. quate 
indistractible (Wickelgren & Isaacson, 1963; Hendrickson.& 
Kimble, 1967), Eventually, though, it became apparent that, 
PHASI tse eonisinalwformulation, the response inhibition 
hypothesis was untenable. Clearly hippocampals could switch 
their behavior. Subjects did not starve because they could 
not cease a response inporder sto geabeor drink. However. it 
was equally clear that for some reason hippocampals did not 
switch responses when such changes became necessary within 
thes context», ofathe.task.4 In.1922 Douglas: «published » ean 
hypothesis which proposed that the hippocampals were unable 
to attend. -to.-the erelevant .environmental,-cues which 
Signalled that a change in responding was necessary. 
According. to , Dowglas (1972). the hippocampus played an 
abbentional srole in. ttnineg out” Ton-reéintorced) stimula . 
Damage. to the hippocampus would result in subjects which 
wene-sunable) to .distinguish-between reinforeed sand none 
reinforced stem ay hence they would not exhibit 
behavioural changes when previously reinforced stimuli lost 
their reinforcement. 

A refoumubattone of thisphypothesis wass,provaided | by 
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Douglas (1972). However they preferred to divide the 
categoryrot enon=reinfor ced cstimuli. into stwo (sub-categories, 
redundant and, inrmehevan ti i tstiamu lin. Supipomt. dor this 
hypomhesiisin wase denived siromustudies*itonm twoorattentional 
phenomena, latent otinhibitt von and block i mets These 
acquisition phenomena were shown to be impaired by 
hippocampal damage (Ackil, Mellgren, Halgren, & Frommer, 
1969; Solomon & Moore, 1:9 752 6 tS0 Lomom, 1:9k7.7 Seika i Kandi, 
Kostas, & Drew, LO7 Sev ikackert 4iBennett, otLanee Erenchi, 
107-8). . 

At. athiei« ttyl me; < au chi tro ficthivs: workiotwasspebeing iadone ia 
radically new hypothesis of hippocampal function was being 
developed. O'Keefe & Nadel (1978) published an extensive 
work: in which ‘they outlined a pure, but highly specialized, 
memory function for the hippocampus. A detailed discussion 
on vehi Sehypothesis, “whieh? is’central tos the present senies 


of experiments, is provided below. 


THE SPATIAL MAP HYPOTHESIS 


In 1978 O'Keefe & Nadel published their 
controversial book in which they proposed that the 
hippocampus is thes lebhraimeeckocat ion Sins Cawhtiieh neural 
representations, sor maps’,,of those environments with which 
the animal was familiar, reside. ilvssuppomt forty thas 
theory theyan provide «ray i icomprehensi ve)’ review Ot the 


literature 4) hocusisim can ipiaimarid yt ons tthe: resul tstohts Wesion 
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studies, studies which correlate hippocampal EEG with 
behaviour and studies which correlate single unit activity 
with behaviour. Before discussing in more detail ee 
formulation ‘and’ implications -of—-their *theory, Dir Fs 
Umponr Camu MrosA ipo owt tiivat isancea lap a bso e-constructed 
through experience, the system ene Contos’, torn mediates., 
its construction must be regarded as a memory system. 

Tomisinercduce eithesimn theory O'Keefe & Nadel (1978) 
provaidele am ima tian wew lew! ‘an di idisicu sist onttoti rithel\ivarious 
problem-solving strategies, or hypotheses, available to 
normal animals faced with achieving some spatial task. In 
this drsicussion< "theyes"also @ provide. a useful formal 
definition of the two major memory systems, which have been 
commonly proposed to mediate such strategies: taxon. and 
place. <A brief summary of the capacities each provides is 
given below. 
The Place System 

To use a place strategy, an animal must possess an 
internal map of the environment. This map is composed of a 
set of place representations which are related to each 
Other «by ‘a "setiof rules: which represent the distances «and 
directions amongst these places. The spatial map may be 
used in the following ways: 

Laem. Tallows tinovementetronm tammy loca tiiomy to's tamy 
Nocatironm "im the environment via any *route). 
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an environment. 

3. Items present within the environment can easily 
be located. 

4. Jt. contains a-isystem which signals mismatches 
when unexpected sensory information is present. 

Littsoe Ladommataony mayie:take hither? i thorm = ofes ‘an 
expected -item not being present or an 
unexpected item being present. 

5. The animal can navigate within an environment 
inyy wh neh: eon ly as smakis su bisiet. off sthe. tore inal 
Cire segisiis cimitls cen, Pisryor Ligaima 1a gloat 10n-: 

6. Animals which possess a_ spatial map can form 
aie ec thigye a mie laitaonmsihatps, avistchi fispecafic -phace 
representations, twsuchtwhat not omy can:places 
be reached or recognized, but they may also be 
regarded as reward or punishment sites. 

O'Keefe & Nadel (1978) propose that since the spatial 
map system resides in the hippocampus, hippocampal animals 
are therefore bereft of the capacities afforded by a 
Spatial mapping system. Instead they must rely solely on 
thety remadninermenory system,od theritaxonyes (sy sitem,> © anda jrthie 
strategies mediated by this system. 


The Taxon System 


The main difference separating the place system from 
thei sitaxons “system is»thatj ithe taxon-s system: only, allows 
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responses must depend on the immediate relationship of cue 
locations or cue objects to the animal, and may not depend 
upon relationships between remote objects or locations in 


the environment. The taxon system includes two distinct 


Strategies, -twhtch may ‘be’ used: “either ‘separately,’ or in 
conjunction with each other. The first taxon-mediated 
Simaveor iis, cailed orientation, Snitwhicm thetactual’ motor 


acts required to reach or avoid a goal are specified (ie. 
perform tthe following series. tof behaviours ‘to obtain aifood 
reward in a maze: move forward five steps, turn left, move 
HOdaweatrd! i cai Msite pst, 0 turnt Lett again, Stand ‘so- Soni. The 
second taxon-mediated strategy, referred to as a guidance 
Strapevy, ls “one in which a speciftie :cue or cue “cluster 
which is  “Droxmmal sto "thes obyect ‘O71 = destination rs 
approached (or avoided), regardless of the specific motor 
acts required to reach the goal. 

Instead of using mapping strategies, animals relying 
on the taxon system generate routes, which O'Keefe and 
Nadel (1978) describe as lists of guidance and orientation 
Surdtevies.-— the: important point about these routes is that 
pieywer must Clways tbemspecttfied with respect to the animal, 
and not to some external object or locations. 

Since they conclude that hippocampal animals must rely 
solely on the taxon system, O'Keefe and Nadel (1978) spend 
considera bila! tailme’ Sidescribine the properties of titel® taxon 
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VaiErous rOrms) (Oty Aippocampad disruption, to see how it 


conforms to the predictions based on these properties. 


Froperties of the Laxon System 


O'Keefe and Nadel (1978) suggest that taxon 
TiPormatron 1s. stored. on the basis of “category inclusion. A 
category inclusion system stores similar items in 
AelLeNloOUrIngeneural CirCcults. <A major implication of “this 
Property (is, yEnat the taxon system should be particularly 
subject to interference effects. Thus when the same item is 
associated at different times with the target item, or 
different items are associated with the target item at the 
Same time, strong interference would be expected to 
develope. 

A second: “property “of the Laxoniisystem 1s" that the 
strength of the representation of an item changes 
incrementally as a function of experience and of the time 
which elapses between successive experiences. The 
implication here is that taxon-using animals should be 
Particulagiv=sibiece to.chances: In wthe intertrial. “Liter verl 
employed within a task. 


Properties of the Place System 


Mie weOntreasct with taxon properties’, O'Keefe and Nadel 
(1978 )e suggest that spatial maps aré formed in van  ati—or-— 
none manner during active exploration upon introduction to 
a novel environment. The all-or-none nature of the map 


implies that the strength of the representation may not be 
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incremented) once at is’ formed. It'may become richer (more 
items may be introduced later) but no strengthening of 
eCrHsceinge1cens may OCcCur. 

O'Keefe and Nadel (1978) describe another important 
property of spatial maps. since. a map contains 
fepresenLattonse yore, -trems in relation tow other items or 
locations, the same item occurring in two places will be 
differently represented according to its PA ae This 
means that spatial maps should be subject to little 
interference since each item they contain is uniquely 
determined by the particular context in which it appears. 

Since the spatial map can not be strengthened or 
weakened it follows that animals using spatial maps should 
Mot be aftected by variations in intertrial intervals. 

It can be seen that the properties discussed above 
generate very different predictions of how animals will 
behave, depending on the memory system they are employing. 

The main prediction O'Keefe and Nadel (1978) make is 
that loss of the hippocampus should lead to the subsequent 
loss of two functions dependent on a place memory’ system. 
First they suggest that normal exploration upon entry to a 
novel environment should be impaired in some manner. Second 
place learning in general should be impaired, to the extent 
that (the task Sin question can not easily “be sodwedr = by. 


employing alternative taxon-mediated strategies. 
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DEPERATURB SsURPORT POR THE” SPATIAL MAP THEORY 


Lesion and Stimulation Studies. 

The prime necessity in evaluating the evidence O'Keefe 
ancan Nadel Ph@ho7 Ss sliprovide in support of their theory iiss 
Etat tlat. Gheseveny. beast ~ ity should conform to ‘thet: 
preedi cihijonss| concennine<« the behaviour of hippocampals in 
predominantly spatial situations. Secondly it is necessary 
to show that hippocampals are still able to solve tasks by 
resorting to taxon-mediated hypotheses. This does not mean 
that performance should be equally good across all tasks 
considered, since use of taxon-mediated Strategies probably 


provides quite inefficient solutions to a variety of tasks 


easutlys tsol.ved iby. fusing the place system. Thirdly, it should 
alesorltbe  <the@igicasie]) thatierhe:, literature, demonstrate jtuhat 
hippocampals are deficient in exploration of novel objects 
or places. 

lim geiener aly JiGand inmot.too surprisingly) the evidence 
presented ‘by O'Keefe and Nadel (1978) provides good support 
One Ast eiwitheomy.. elhilsrreview will deal wath each of seine 
predictions outlined’ above in turn. 


Support from Studies on Exploration 


kot he gin, wit jee they deal with the literatures support 
ftowintaidefictency, im exploratory behavior in hippocampals: 
Therat dane retworltthypes*of evidence to consider “under oethis 
Hopi iii eagtronismuc: Nowell tob jects introduced antosfamitiar 


environments such as home cages, and exploration of wholly 
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novel environments. O'Keefe and Nadel (1978) suggest that 


imeorder toringtaally constructieandrisubsequently* update, “a 


Spatial map, normaly ys ordentinerreactionsimust océeurioin 
bothei of! * theseni situations’. The literature concerning 
orienting responses’ will be considered first. To begin 


with initial orienting responses, in the presence of non- 
darectedimbehavaours seem »toilbe intactr ainvehippocampals 
(Crowne & Riddell, 1969; Sanwaidss® Porzios aDdeanesne& 
Donovick, 1970), although their subsequent exploration of 
novel places or objects is deficient. Glickman, Higgins, & 
Isaacson (1970) have shown that hippocampal gerbils explore 
novel objects introduced into the home cage much less’ than 
eéontrods.|<Q'Keefe) and Nadel (1978) also cite unpublished 
results? eofsaDaliand4(1976)?who, reported similar: results for 
hippocampal rats. 

Some interesting results appear when studies 
investigating orientation and exploration of novel objects 
introducedsalduring?edirected whehaviourn areel examined. A 


Variekyeowot studieslreportethat¢whendengagedrein directed 


behaviour, |\yhippocampal’ rats\aresquite;indistractible, and 
shows ditth@edorventinghto,eunoreexpdorattion,of ;a#noveleobjects 
(Hendrickson, Kimble, & Kimble, 1969; Wickelgren & 


Isaacson, 161963). At Kimk(1972)ireportedithat although strong 
orienting responses were absent in hippocampals engaged in 
directed behaviour, there were significantly more weak 


orienting responses. Kim (1972) distinguishes between 
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"strong' and ‘weak' orienting responses on the basis of the 
presence or absence of transitory reactions (whether the 
apimalypeeasesr adits ongoingefactawvityiaor; not)? A non- 
transitoryxtechange dni behavior) following,initial». orienting 
iepkcdassitiedagas aalitstrone¢r orienting+eresponse. The 
impliacationeofithese, results is thatssubjectsedo not) appear 
EOL Dee inpeadred Rink thei«c ability. toesperceiver) andy, shift 
attention toganoveltstimudi4,s:butedo seem to) lacks as tendency 
to subsequently explore the novel item. In cases involving 
directedenbehavinorge itd’ nay bet that | thes attention, shift 
usually manifested by an overt orienting response is still 
present but is effectively masked by an overriding goal 
directed behavioral response. 

O'Keefe’ and Nadel (1978) then turn to the question © of 
exploration of novel environments by hippocampals. They 
describe the pattern of exploratory behaviour in normal 
animals as follows: 

YTypicaliv,<. thesanimaléc wild remain quiet+forcta 
while, perhaps sniffing about its perimeter. 
Slowly iti lwild @mowe: bouteapand “expiore Hts 
surrounding, often withdrawing back into areas 
already explored (and hence known to be. safe). 

Once explored an area is less likely to be 

Visited» again onyalsubsequentoforay.e ilnri times 

the “animal will thoroughly explore the ‘entire 

situation and will become relatively quiescent, 

Obey cat aattoett 2s hungry, and! “there vis food 

avaitable:iaAts thidseepeint- wel cannsayi thatet the 

animal has completed its exploration of the 

novel situation. On subsequent exposures to the 

situation the animal might make a cursory check 

to #ensturest thatenothiaglhasr®changedgeci butakits 


activity will be much Less than it was on, the 
firstroceasaone! (pt.i255) 
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theteomeluston they reach onthe basis cofitthérr “literature 
review is that typically hippocampals appear hyperactive 
but hypoexploratory. O'Keeiewtand Nadel §Cl978) “cite 
numerous studies which describe hippocampals as_ showing 
markedly increased activity over normal levels, when bee 
in novel environments such as an _ open field apparatus 
Chimbies Prlrgose* Eichelman, thOVL) Ssbypreally }Cthoieh; this 
increased aAGCEIVIEY ® "consists “of “noticeably *-stereotyped 
patterns of behaviour in which the same area of the 
environment is repeatedly visited. It is primarily this 
finding which leads O'Keefe and Nadel conclude that this 
imereasedPCLevele ofvactivityvistnot due. Gtolran incréased 
tendencys to explores "Ay supporting  Eindine Ptreported aby 
Jackson’ GCL967)Peand® Ckark el Cl970)o is**that hippocampals 
exhibit vavtendency’ to rear less than *nornmalscwhibe tin’ ean 
open field, or enclosed box. 

The main explanation advanced for this increased level 
OFrPCactivity “is -Sthat Nippecampals*are = -hypers=reactive® to 
stimuli in general. A study by Kaplan (1968) demonstrates 
that the level of activity exhibited by hippocampals is 
largely determined by the nature of the external stimuli 
present sin! theltésting .appanatus, gRats showed classic 
hyperactivity ’@in %a)°largetwell=ililuminated®’téesting box; 
whale Mahe? PsameSrats®showed "no.1inereasesin AaAGCTDVELY Dover 
normals when tested in a small darkened jiggle-box. Thus it 


seems that external Sitealrn lea GILiPeGee the behaviour of 
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hippocampals smchre that mihevyemareskh characterized ebyrdian 
increased levele+ of)» general: activity, consisting of 
Stereotypic movements, directed at random toward stimuli 


which are present. O'Keefe and Nadel (1978) conclude that 
Ph Swit d 0G Le; 

"demonstrates the complete absence of anything 
remotely comparable to exploration in 
hippocampal animals, their high-level activity 
consisting almost entirely in (sic) repetitively 
stereotyped behaviours; these are best described 
as microstereotypies, fore the pyeLorms) (ols the 
behaviour can be remarkably constant."(p.258) 

Although O'Keefe and Nadel (1978) regard the fact that 
hippocampals show repetitive behaviours as support’ for 
their, (conclusion) *thatjgexplorationids impaired)-inj»these 
Subjects. .. Lt is important to point out, in passing, that 
this efindingy»may,.be,interpreted)to «<providey support) for 
other hypotheses of hippocampal function which postulate a 
hess «specialized! »role\hof thes hippocampus ~ins mediating 
memory processes. in’. particulariqéhe jworkdine memory 
hypothesis advanced by Olton and his colleagues would also 
predict repetitive behavior. A more elaborate discussion of 
Ehis hypothesis-.is  ,prowided, ine, the, ,-introduction to 
Experiment Two. 

Support from Studies on Place Learning 

It.-is well beyond,the scopesof this,reviews,to ydeai 

exhaustively with the massive literature O'Keefe and Nadel 


(1978) -presegtyin suppertpoft thein theoryadPenhaps thegbest 
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hippocampals acquire and perform tasks which are regarded 
acy) cal most thexeluci vehy «spatial. diAccording to f0 Keefe sand 
Nadel (1978) these include a variety of maze learning tasks 
tivo. bvuere BiCurtert iwar ved a tapparatil,: tand e@texpieitt >) spatial 
discriminations. While there are many other tasks ee 
be said to contain spatial components to some degree, it is 
ofmphitiler useiectoetwetr? ton ethem until) tthe: limare <cobvdou's 
spatial tasks are considered. Most important of these is 
maze learning. 
spatial Maze =*Studies.. | O0'Keefettand ‘Nadel °(1978) 

begin their discussion of the spatial maze literature by 
reviewing Dashiell (1930). He studied acquisition by rats 
of a variety of related maze tasks involving a rectangular 


box.) waist er emow ailie: partitions. (hEire isitarnt tbox land sgoababox 


were always: com izoppo sit ets dies: eof this rectangular 
enclosune, folhei ehactippahat inats simproved son ¢ahits ntask not 
only <(wist hat (kas speci fiieerconiigurat tom, eabuty takeo esxacross 


different configurations suggests that instead of simply 
chainine ‘'S=R responsesi~ _cthe subjects: wene Learn ing. ~ ¢abonmt 
the igeneral direction *of sthe tgoal }eFurther “support fom this 
Mmeerpretatironetcomes! irom ithe ttinding that rats tremdeds to 
selectively avoid new blind alleys which led away from the 
goal, and were less able to avoid blind alleys which 
poumtied = Un Petheedireetiomsot itherzoal ag The cconcluston tact 
this studywt twas! that Petite Aimats:seliearned fisome general 
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could Vapp ly, across* maze conftietrations. = Confirmation that 
this was the case was supplied directly by a final aspect 
ef" the Dashield study in which rats? were’ seen © tor" chose 
various alternative paths to reach the goal when placed in 
mazes which allowed several different solution routes. 
O'Keefe and Nadel (1978) suggest that these results are 
compelling evidence: that rats typically rely on a place 
strategy in complex maze tasks, rather than simply chaining 
fixed S-R responses. Since rats seem to prefer a place 
Strategy whemosthmazes, .aidirect teste ofithel Oi Keefe mand 
Nadel hypothesis may be achieved by producing hippocampal 
daSsTruptionigdurineg Sacquisition) oreiperformance, ofp) complex 
maze tasks. Perhaps the most compelling evidence presented 
by’ O* Keefe and Nadel (1978) is that in their’ list of twenty 
lesion papers reviewed in this category, eighteen reported 
alidetacit® forthippocampal’s ani complex: maze learning” 

One of the most interesting of the early complex maze 
studies with hippocampals is that by Jackson and Strong 
(1969). The study employed a six alley, 12 cul-de-sac 
Lashley. llIemazet The ‘taski) required: ratso to. runialongs each 
aldeys,atiimight, anelesitorthel goalA untifione weachess an 
espening ansthet wad loinrthea direct ionroftraithes goal cothearrar 
mustee thendt turnarantopthel alleyeandpruntalongseitl anebpiie 
opposite direction. The most interesting aspect of the task 
jisethat, twoutypesvofserrors arelpossible.?.First rats could 


Mise the initial opening in the goal direction and continue 
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to the end of the alley, and second, once they turned into 
tive "opening they could run along the-next alley in the 
ME OuCm direct lone Ot these two erors) only the first was 
Sensitive, tolvan ampaired sense of goal direction, and it 
was found that hippocampals showed many more of ees 
errors than normals. 

One type of spatial maze task which has gained immense 
popularity over the last several years is the radial arm 
maze. Although O'Keefe and Nadel (1978) do not mention this 
task an) their chapter on spatial | maze impairment, many 
acer studies employing this task provide excellent 
demonstrations of spatial impairment following hippocampal 
disruption (Olton, Walker & Gage, L973: “Becker, Walker, 
Oton -& O' Conmell, 1978  Olton © Werz, 0978 “Walker << 
Olton, V979: Winoeur; 1982) it has also” been reported that 
damage to more selective regions of the hippocampus is 
equally effective in producing spatial maze impairments. A 
study by Handelmann & Olton (1981) reported an impairment 
Loblowing. sveston, of CAS. pyramidal cells. by “kainic, acid, 
Eariver, Jarrard (1978) showed that selective Lesions= Sot 
alveus, fam Dravas, and Siuntrins.e CA “rections produced) fa 
Ssililan disruption of radial maze \perftormance. ain contrast, 
damage to other areas outside the septo-hippocampal complex 
secs stow Have olittle effect on spatial “mazes papacy 


(Becker, Wakker, Olton, & O'Connell, 1978). 
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Raina liytea quite recent body of evidence which will be 
discussed in the section describing the Morris water task 
alsoe provides (‘evidence of disruption of ' an: sexclusively 
spatzal task? 

Thus the conclusion based on the literature (not only 
that (discussed, specifically by .0'Keefejand Nadel but-.also 
Enoseistudiesspublishediaiter;publicationvofiantheir book) «is 
that hippocampals do seem to be impaired on a wide range of 
tasks which require the subject to employ place learning 
Strategies intordereto solvexrthemyefiicaently ss) ftrcany obe 
seen then that the predictions made by O'Keefe and Nadel 
C1978) thaverabeen (confirmedsini. the» cmajority».of) cases, 
indic¢atinep;ithaterythemntheorywis ofivalue sheuristicallyytas 
webltsas being? ablewsto accounkjforgsimuch lokyether pearly 
literature. 

One (other .valuable- contribution madé by O'Keefestand 
Nadel (1978) coucerns Pthenr faediscussionaiinatwhichpdthey 
provide operational definitions of problem-solving 
strategies. This formalization: has led to increased 
attention to the type of strategy typically used by intact 
KatSerOnheca ,wSpatial staskjss,andito inmcnheasedeaeconcegnesthat 
experimental groups are homogeneous with respect to. the 
strategy they are most likely to employ in a given task. A 
related.cause for. concern is that tasks Labelled “spatial” 
by inveStuhcatonsemay, inefact; allow (subjects ttogsolvesthem 


without using place strategies. For example, groupsvoferats 


18 


id ivjlu aview estates Te. ceee Da dad 4s 5 7 
a, ue pete 


W 22070" silt gecfde hee nessbe: ot ok Re ny 
xe id ty noe rev tate. Fh 4 arte ( iia 7 | 
| a 
. ede YF 
at ASS E na heaped Mnmaleaiatig: Oa a 
\ ee 
‘ bi¥v¥e otwshk"O od vie wait ! jee ite ae a. 
i idiy KS ee heagetiong oe fhe 
se i 
. ST. Hgmk £4 od Ose eee aw with Cuma 
hy “yys one ad Toa ian oe fohne 
srolt2e melts 6viea a1 TOob« mg 2 5ige0 
‘ <) (i oun seaport biceg oD aed skii3 cas 


q 


f 
roy om, seid oP “betattao a” ncad oval \ oe 


’ ° i 
ft 8d De Ag ee a seais sig HRY” -aneaeed 
‘ j i - 
; fe -¢ 
oy u { Di ay Deves oa) oS Shee a if f Hd Pa | tL gee 


en Se a AS 
iyiw @$e5 4 °Ourd) poe rade dae aon Raab hey SHG 4 VEG wy 


: fo whe aed ny reegseah a tayn a1geden' Favel twa, 
J \ 7 
ilonwme lesan re ene i yin LWh hiadineased | abixhed 


‘ i 


i A4 ' 7 
custoot ob ~bet mia ROBIE f bins aey digo 


'oesi wb geil) hs wis |g ry rati2 2b suv. 4g oc. oda 


1442 Peeoron besena yy! pails Aeyt' bas iave vc. Sag 
nth os 220 eo) fat wW VOSTS ROMO Bt) BUugt? Lo trent poe ee 


A «8822 8vigie fi “ilgms vost? yisdid Jeém oce Yate epederae 


) % ; 
MGeknage” Way tain eget off: ef.pyeddds 264 eaves lothias _ 


c 


wens en toe ne tise) dye wok fe ~islite <ear ray hy, Lem ‘a 


vier. Io eivery r2igogss. 204 /.edigen Biss sheila. gnirev tuéesay 


ae show perfect T-maze performance, but may have employed 
different strategies to produce this perfect performance. 
inggorderg) toneidentafyathe; strategy) actually:used by the 
SUDjece. mit toenecessary to ‘conduct probe trials. To test 
FOL. Ortentation strategies, one Can-rotate the start “arm 
180 degrees, while keeping the goal box in a constant 


lecation., Subjeets which were: previouslyssolving the task 


oOnewvthies (basdsveotl a Iturnesleftatarntthes choicé point! 
orientation strategy will now respond incorrectly: 
Damildariys wswitchine a’ proximalycuenwhichesignalssthesgoal 
Hon ;thesoppositepeidev (ages ,feswitcheboth? coal*earms Sa but 


leave the reward in the same location) will reveal those 
subjects which were employing a guidance strategy to solve 
theatask. A case in point which effectively illustrates the 
danger of not controlling for the response strategy of the 
subject involves “a paper by Munoz and Grossman (1981). 
These authors studied the effects of kainic-acid induced 
lesions of the hippocampus on T-maze performance and 
concluded that spatial performance on the T-maze was 
unimpaired, without assessing whether, in fact, the T-maze 
performance was due to orientation or guidance strategies. 
Asl®wililbe destribed below, thet concluston®ofenolsspatial 
deficit has been effectively disconfirmed by Sutherland and 
his. associates (see footnote 1). 

Tht. © thetusesot@probettrials to identify strategies, 
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encourage specific strategies (for example, see O'Keefe and 
Conway, 1980), has become an essential element in current 


research on spatial capacities of animals. 
THE MORRIS WATER TASK 


himavse intehis¢gregardrthatea relatively newacspatial 


task- tmayrabemuseenrtoabe jeparticularlyieuseful, Since it 
provides several important advantages over more 
Convent roneiti@gspattalthtasksapparat?, =hsuchwassiT-mnazes or 


radial arm mazes, for studies with intact and brain-damaged 
subjects. The task has come to be known as the Morris water 
task CMWT DaCMorrus, +1980; 4Morris, cGarrud ,ecukawhins;<.1981).. 
kt REqCunesvaratsh to’ &swim, from different Starting 
Koecations, trok agsubmersed  platftormsehocated{insidevyay five 
hoobktadtameter twhiteiafibergkassentank. oi The eplaticem gis 
Bpendecéed toinvisibles by<cctibling thestankiawhthy, anil gopaque 
Liquidet€skim amilk, powder ere ine (Cogbikwaterd% The 
procedure is as follows: subject ratstareeplaced \into ’sthe 
water facing the wall and released. The path taken by the 
Subject Satis *ithentrecordedsbytthe “experimenter, Pawho” sakso 
measures the latency to find the platform (submerged 2-3 cm 
bebowvetherosuptace ¥javSomepsofmathe RadvantagespethieRetask 
provides include: 
kielt tseextrenelytsinmpleytintacturatsarequige only 
aifeystriaksato ledrnches 


2.CORientathon stnategieéstarelehininatedesincecgthe 
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rats are started from different locations around 
the tank circumference, CMU Seva y ins the 
distance the subject is required to swim on each 
triaisGand Ythe’ body*= turns’ needéed™@to* reach+“the 
platform 
3. Guidance strategies are also eliminated since 
the-ratimustsorient using distal\.cues only. ©The 
submerged platform provides no proximal cues and 
also eliminates the possibility that the subject 
fay=lay down an@odor ete ofits" own to mark’? the 
platform location for future reference. 
44/No “satiationseffeets" occur since the subject*is 
not motivated by a state of deprivation. 
Thus®*the™' task®” provides:an’ excellent ‘control over “the 
strategy used by subjects since only a place strategy may 
be’ used to efficiently solve’ the’ task. “Since ’?ft” eliminates 
orientation and guidance strategies alike, ago 1s 
particularly well-suited ’for use'in'’studies on the effects 
of various types of intervention in normal hippocampal 
neural activity’on’) purely*spatial capacities§in rats. "Since 
iis Soraeginal publications es theaMW] hasegbeentvextensivedy 
employed to show that hippocampal lesions produce severe 
Spatealedeéaertstinerats: SSutherlanad (1982)"has. shown@that 
Lésions fromPasvariéty of (techniques, “"including*® bilateral 
eleetrolyeac lesions, bilateral kainic acid-induced lesions 


of) CAS and. CAG. and wnilateral and bilateral” “colchireime- 
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induced dentate gyrus lesions, all consistently produce 
impairments on the MWT. Further work (Sutherland, 1982 - 
personal communication) has shown that damage to virtually 
any component of the septo-hippocampal complex (SHC), 
including (connected areas of the _2frontal cortex (Kolb, 
Sutherland,  <¢ ae pee 1982), produced= reliable spatial 
Cee torts wei adaduLton: jethe. “specificity of ~the- ~spatiak 
impairment to the SHC has been amply demonstrated since 
Vesioningva variety of’ extra-SHC brain structures has ) been 
MLetiectivVec sin producing deficits in the MWT. Suey areas 
tiectiude | parietal cortex (Kolb, Sutherland, © Whishaw, 
L982), sdorse-medial thalamus (Kolb, Pittman, Sutherland, ¢& 
Whishaw, 1982), habenular complex, amygdala, .and motor 
eortex (Sutherland, Kolb, & Whishaw, 1982) and tegmental 
Ckev. substantia niera, and fastigial niceleus “of 7 the 
eerebellum (Sutherland,  “T982 — personal. communication ). 
Thus the SHC specificity of the spatial impairment appears 
gustesrobust.., Cin addition,” “ites worthwhile sto. point ous 
that each of the lesion techniques employed in Sutherland's 
major study (1982) is associated with a unique combination 
of extra-SHC tissue invasion and damage, so that the 
Pirie seot ca similar deficit, in all cases implles that sere 
is the commonality shared by the lesions, namely the damage 
to the hippocampus, whieh is) producing sathe spatial 


impairment. 
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BRIEF REVIEW OF HIPPOCAMPAL STIMULATION 


ingsytne.batenatuce Lesion studies far outnumber, .those 
enployineg jastimulation jof.SHC structures. »Of this. smaller 
munber of Giudies,., the. amajority Pavelve. consolidation 
paradigms, in which stimulation is applied immediately 
following Jastlearning trial ,(ise.,. Kesner and sGonner; 1974; 
Brunner. -pRossi, .stutz,.and Roth, 1970).and later retention 
-is tested. 

BCCOpding sto Kesnervand Wilburn (1974) hippocampal 
stimulation temporarily disrupts normal neural activity in 
the hippocampus ,and related structures, thereby producing a 
reversible lesion. Such a procedure would therefore be 
expected to produce a memory impairment similar to that 
demonstrated to result from hippocampal lesions. 

In,.general,,.this.appears.to be:the.case. (Kesner,.and 
Conmerceshl14:, Liveseysy 1OL5owweZormetzer, Chronister. and 
Ross, 1973) although there have been exceptions in which 


hippocampal pstimulation  ~has been reported.to ylacilitate 


Berlormance,,of,some,.tasks, including lever” pressing, tos 
avoidance CErwcekson. and. Parel, 1969), and operant 
conditioning in the mouse (Destrade, Soumireu-Mourat, and 


Cardonwl 43, « 

ibe stimulation. employed,in.the presemt, ,experimenes 
consisted of low level square wave pulses delivered to the 
hiluss. Otmihesdentate,cyrus.,.in,Experiment,One suntlareral 


stimulation was used and during surgical implanting of the 
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electrodes this produced a strong contralateral evoked 
potential, presumably through the hippocampal commissural 
fibres. As will be discussed more fully below, the site 
enosen is based son findings by RKowttenbere and his 
colleagues (that stimulation of entorhinal cortex (Collier 
and Rowrecenberg,  197S)%<and of the granule cells with which 
the entorhinal efferents synapse via the perforant pathway 
Ceoliier, Miller,. Inavis, and Rowuttenbers, 1982) produces 
memory disruption. The present experiments included a 
replication of the stimulation procedures of the Collier et 
Ae Ose “study, “Since ithey had) succesfully obtauned =a 
disruption of memory effect. 

Although much lesion work has been done using the MWT, 
to date there has been no published work on the effects of 
electrical Stimulation “ew the hippocampus on spatial 
Cavaciures as assessed by the MW. “In face the ~literaruce 
Has (been sparticulard yiscanty with respect ito Che effects oF 
electrical Vhippocampal stimulation delivered) -immedirately 
DELonm to perbormance of a retention task for any type =ot 
task. For this reason, Experiment One was designed to use 
Ehesistimulation, procedures of Collier et alto, Wdrscover 
whether subjects which had learned the standard version of 
the MWT would be impaired following stimulation of the 
Granule cells of the hippocampal dentate gyrus. 

As mentioned above, the vast Majority -olestimulation 


studies involved stimulation immediately after learning, 
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wather than immedtatelysprionr«to or duringyretention tésts: 
BBteterissue ts discussed more fully in the introduction to 


Experiment Two. 
EXPERIMENT ON 


This experiment was designed to provide a direct test 
of the O'Keefe and Nadel (1978) hypothesis that hippocampal 
diseupeton® should ?idrastically°impaifr” pérformance “ofS the 
Morrisewatérttask» learned through use of placé strategies, 
but should have no effect on Morris water task performance 
which. is learned exclusively through guidance strategies. 
Although there have been a variety of reports which have 
provided héeyidenceythab thejabrlity of rats toldsevaguidanee 
strategies is unimpaired after hippocampal damage, 
typically the cue tasks and spatial tasks upon which these 
conclusions are based do not employ the same apparati for 
testing the subjects. The present experimental design and 
tasks allow aitdigectitcomparisom on thes ef feeu Of 
hippocampal stimulation on the employment of place versus 
cue strategies, since the apparatus (Morris water task) and 
paycuealwhetinubitigused tanevidentical for alk groupseeniive 
prediction underlying this experiment, based on the spatial 
maps thypoethests -sofs O'Keefee and! Nadelor( L928), iseethat 
disruptionolofhehsppocampal neundleactivityeaby elecurucal 
stimulation should produce a spatial impairment similar to 
that nmesulting peirome llesioned )tsubjects: However such 


Stimulation should have no effect on subjects trained to 
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solve thedsMorrisrawater. taskeubyevemploying:;;a guidance 
strategy. 

It should be pointed out that no studies have been 
published on the effects of hippocampal lesions on ability 
to usez,©a  ctfe=strategy to solve-the Morris water task. 
However Sutherland (1982 - personal communication) reports 
PhaceewitleTRacquisitien sofysuchyasy strates ynais: oslichtiy 
delayed forrihippocampaly-srats, eventually they show 
performance levels equal to normals. The present experiment 


examined a complementary situation to the studies of 


Sienentand in ‘that Gt dealt with the effects “of “stimulation 


of the hippocampus: on performance of the Morris water task 
by subjects trained to use either a guidance strategy or a 


place strategy to solve the task. 


Design 


During training all subjects received identical 
acquisition trials. Following thisseach group was divided 
intotequal subgroups forsayseriesiof performance trialsdays 
duringodwhiehsestimulationswas givenipto ctheywesexpesimental 
subgroups groups only over three consecutive days. The 
remaining «subgroups-actedeas controls forsthese dayswerAt 
thesvend sofsethese tthreesstimulation days» seachasstinudated 
subgroup was given probe trials with a cheesecloth tent 
covering theotank, Following;this»conditionstweretchanged 


so that the cue signalling the platform for the subjects 
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using guidance strategies was suspended over the platform 
instead of being on the tank wall. All subjects were given 
addtional lsacquisttion training with these conditions in 
effect. Following this the subgroups which previously acted 
as controls were now stimulated on two consecutive days, 
with the previous experimental subgroups now acting as the 
Controls] Velime@lasi=part of “the expertment consisted ofthe 
initial experimental subgroups receiving two additional 


Stimulation days. 
Method 
Subjects 

The subjects consisted of 40 male Long-Evans’ hooded 
rats, weighing between 350 and 450 gm before implantation. 
All Subjects were housed together in a temperature- 
GontrolRed™ Foom’+on aS24*hour continuouslionv \"eycle*land 
given Cad©* Pibitum-foodsand “water throwghout’the course “or 
the experiment. 

Before  aequisition tratningy” al "subjects > réceived 
identical SuredeatoFinptants Soh bilateral hippocampal 
electrode assemblies. After a minimum of two weeks for 
Pecovery acquisition trials "began,  (Cireums tances dvetared 
Phaever? ‘subjects @*recérved® wp to 4s weeks*%ob™ recovery, 
however these subjects were divided as evenly as possible 
anones “Ene, groups.) “Prior sto’ training, subjects were 
Fandomiy@eallocatéd® to’ %two groups -of twenty animals, 


referred to as a MAP group and a CUE group. During training 
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one subject from the MAP group lost its head cap and was 
discarded. 


Surgical Procedures 


Each subject was anaesthetized with sodium 
pentobarbital sand fixed. tin. A stereotaxic. apparatus,, wiith 
DPhev ine sor bate Siete ac. —3..3).mm.4 A, midsagei tad, incisdon, was 
made along the scalp and the skull was bared by scraping 
away the periosteum. Bilateral holes were drilled using the 
following, coordinates, with-respect.to bregma: AP, -3.5 mm, 
L, 2.0 mm. An electrode assembly was then implanted in each 
hippocampus and fixed in place using dental cement. 

In addition to the electrode holes, three other holes 
were drilled in the skull prior to implanting the assembly. 
A reference screw electrode was placed approximately four 
to five mm anterior to bregma, betwen the subject's eyes, 
and two screws which anchored the dental cement cap to’ the 
skull, were. placed, an.holies. caudal ito: the,electrodesy, 

Actual placement of the electrode assemblies employed 
ther technagquel ofanecording EEG, actiawityh frome ther descending 
electrodes, descriibedad bye) Coldiers ciety ale GOs 2)e The 
molecular. dayern. of the. dentate, gyrus of) the,) hippocampus 
eee a -werye diistinietives and>  charactieristice bursting 
pattern §when}y invaded; by. a,s+microeleetrodes pibence gpity ic 
relatively.) easy »to..achieve very ,accuratel, placements got 
electrodessin this region, by, slowlysloweringsthes electrode 


intil thisepatternpappearssiny the EEG record. 
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When both assemblies had been implanted, the 
placements were tested by stimulating one side with a pulse 
open rap etorcli2’ voi tsitat some to! ffiive: Herz), -tandirrecordiime thie 
evoked potential in the contralateral homologous site. 

Finally the assemblies were fixed in place and ‘the 
scalp wound sutured and painted with Neosporin antibiotic 
ointment. The subject was then removed from the stereotaxic 
instrument and replaced in the home cage for recovery. 
Preparation of Electrode Assemblies 

The individual electrodes which were employed in the 
assemblies were constructed using a technique outlined by 
Vanderwolf & Cooley (1978). The insulation was scraped from 
the top of a length of fine Teflon-coated stainless’ steel 
wire (0.0092 mm with  Trimethyl -insulation, commercially 
available from Johnson Mathey Metal Ltd.) which was’ then 
soldered to thes t ishomt: Leendie of a female Amphenol 
microco nire ctor. <u sings tphosphor tciga Gad, jasi ia thse nal a4 
short length (3-4 mm) of black polyvinyl tubing was fitted 
over the female ‘end of the connector. Three electrodes were 
then  pitaced tani ral row) and: held) tine places whacke:scthe «outside 
wires were twisted together around the middle wire. A drop 
of dental cement was then used to keep the electrodes in 
pilace\.cithanallty«-ithe wires were measured cand (cut sopithat @fa 
dwestance. fofii0n5 mm iseparatied’ each-iwire wipiat romecthe, ment 
closest one. This resulted in an electrode assembly with a 


deep center electrode, intended for use as a stimulating 
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electrode, ane sewo, recording electrodes’ flanking’ *it! ~a 
different heights. The uninsulated cross-sectional area of 
each Chectrotde. tap was SULTIcient to produce a”~ *cood* -KEG 
Signal in all electrodes during implantation. 
Apparatus 

fie “apparatus "consisted ‘of a five “foot--diameter 
frbregtass: water tank, “colored white on the “inside.” The 
tank= was tithed = dailty-with cold™water”*Capprox.--9 Bdegrees 
Celsrus) “in “which a “mixture of “Yskim>=miitk "powder -and 
commercially available whey powder was dissolved, such that 
the water was rendered opaque. Submerged one to three cm 
under the surface was a plexiglass platform 12 cm square. 
To allow the animals to grip the platform a monotilament 
nylon line was randomly laced through holes drilled in the 
DLaAt ror i. 

A @btack plastie rectang lea(3é"inches xX “S7inches)”- “was 
placed” "in various locations on the wall of thée* tank “about 2 
inches above the waterline. This served as a distinctive 
cue within the tank. 

Fach trial’ = ror each subject *was™recorved™ on “video 
fape=—Tor  latereatatysis. A Videorsignal "spectal Merreces 
generator was employed to superimpose an insert containing 
ae “dvortal Selocke “and *identiftication of Chee )triaie sand 
Subject Namber*oLn-each trial on -each *°videorwrrecord] einige 
altBowed “ihe Latency for -subjects*to"climb on*the” *plattorm 


to be acctratély determined during later analysis. 
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All electrical stimulation of the hippocampus employed 
agestandard.viZO gvoltaVariace connected to a4,nle),-stimulus 
isolation transformer. Two 500 MOhm resistors were placed 
tneeseries. weeh the,two.out put»leads of -this.transformer to 
produce..a. cursent of 10.microamps measured using half 
amplitude (peak to baseline). 

All|ameasurements of distances swum in the tank on a 
trialgwere obtained using,a Apple, ll.microcomputer,esraphics 
tablet and software developed at the University of 
Bethbridge;+Alberta,.by Sutherland’ and-his, associates. 
Procedure 

ihe @procedunerused sduring,alljacquisition-trials, .was 
as follows. The subject was removed from its home cage 
which had been~placed on a table close to the tank. After 
being held for a brief period while the experimenter turned 
on the video recorder the subject was carried to the entry 
POositaon' eforathat trial,«+and gentlysaredeased) > facingpthe 
tank wall. Upon completion of the trial the video recorder 
was turned off andrthei rat, retrieved; from: the. platform, ,and 
replaced in its home cage to await the next trial. During 
acquisition triads four. d ofegfivegutatssewere cun in 
suecession, Psoethatweachetrial-foreeachsratlwasd Separated 
by four or five intervening trials. 

For each,subijject a,trial,~lasted{untiis thesplatiormewas 
reached. or a maximum-of 2120 seconds had elapsed, During 


initial Acquieithonwtrialsssconcesthesplatformewas reached, 
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Sup yecua , Weletas lowed to remain oOnvie tor’ lS Seconds,” —in 
order’*to <aliow) aYsegment’ of the’ rearing’ | behavior,’ to ~be 
mecorded *horvmlater@analysisy’*This*t5<second. °pertods was 
continued until the overall amount of rearing declined to 
near zero for aay Subjects. Rearing was quite 
distinguishable on the videotapes and was scored for’ the 
fests edghtY trials’. 

PHEDVOPOlnvS itor each, subject ®onreach trial’ Cand *also 
FOrAzAythe pesition of ther ectie*forsthe MAPYsubjects, Yand* the 
cuctandPplatiorm Locationtior the CUEYsStb jects "after °Triral 
16) were quasi-randomly selected such that each subject 
entered SiErom@éachvor four potential entry points Ccompass 
N; Sele, S8W), BoverMevery croup of *fotr* consecutive triahs: 
Envyathistoway itawas “ensured that all subjects would have 
equal experience with all entry points. 

AlthougchWVacquisttiton=trialsewere?conducted identically 
for fal Weoubrects > “conditions derrered sligntiverior each 
groupse"Toy begin with each grotp was trained on” alternate 
days @ior Gthe-srirst “44etrfvalsy*sror stimulation “triads, 
though, all subjects were tested on the same day. 

The experiment involved'four groups with 10 subjects 
perseroups _These@*consisted “of “two -guou ps iM Yang "M25 *whien 
were trained to employ a map, or place’ strategy, and two 
eroupaeeGiweand sco, “which@weré *tratned Cov use "a —ourdance 
Strategy Silo “perform the MW. *“During™ *acquisttvon “trrats 


groups” Ml ‘and “M2 “were *treated “a's a single “*group “(to “be 
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eeterred.. tos collectavely,as the. MAP, group) as were, groups 
Creeand, C227 Gio, sberreferred,to collectively: as  “the.,CuUE 
group). During stimulation trials, of course, one subgroup 
was stimulated while the remaining subgroup acted as a 
control, ¢roup, 

The major difference between the groups concerned the 


relationship between the platform and the black cue card 


ee 


Were trials, wor qtaalsy.onme gto. sixteen ~the,, plattorm 
position for the MAP group was in the south-east quadrant 
of the pool, and the cue card was located on the south-west 
walle Fore the CUEN eroup., both, the; platform, and, the cuejcard 
were in the south-west quadrant. 


Days #One and-Iwo.) All subjects.were given two). initial 


dayss. of. four. trials; each,+, since. each), tried, tended, toy. las¢ 
close to the maximum allowed and it was felt that eight 
Dri ailcenon) itheseueindtiallsacquiisition, days, wass joo man: 
Sinces, moste subjects, had, shown substantial yiacquasda tions jot 
thesttaske by the, end, of. day, two, all subsequent, training dais 


coneascted of .eicht trials, per day. 


During: the firet..eight, trials, for: each subject, jy hree 
dai Stene t behaviour’, patterns .~were recorded; rearing, 
scratching at the cue while swimming, and jumping off. iihie 


platform once it had been reached. 
Measures were obtained of the number of times a 
Subiec bm neared: aa nviat fifteen, second) period which started 


when (a...subject: climbed, onto. the,» platform. \ Ay. Treats, was 
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operationally defined as any movement which caused the head 
to rise “and the ‘body to ‘assume a more “vertical” °posture. 
Typically rears were easy to identify, consisting of overt 
Secerenime ‘tovene Rule hetoht of fthe subject, ' “followed ~by 
orienting movements of the head. The time spent scratching 
at the-black cue chtallSa the wall of the tank was recorded 
for each subject, as was the number of times the subject 
gumped “pack "Tinto “the ‘water from the platform. These 
behaviours were subsequently analysed when the video tapes 
were viewed. 

Day Frngee. One Day 3S of. aequitsi tron "tnta tsa BO -swb ec ts 
were sipPrted “to *etehe-errals “per*day 

Daye abEvera— HP rope = braals a7" lo Prowrn's SSL6-% ‘trial s'¥ Cunder 
these conditions all subjects were then given a series of 
prope “trials” to ‘ascertains the “degree "to “whtrch **these 
conditions had been successful in requiring the two groups 
to use different strategies to perform the MWT. Probe 
trtals* "for "the MAP “sroup “consisted “of “maintaining the 
plattorm™ location ‘but wovaimeg “the "cre tcard around “randomly 
on seach “triat, 9The probe test for the CUR group” involved 
Keeping - tie “platform and “cue card) together, *=but > ‘nov inre 
thet “positron tandomily over *triralsi * “such "that “tire "omy 
indreator *4of “the platform” positron’ available ~to'**these 
subjects was “the citeovcard, elie restkt tof thre prope traits 
revealed that the CUE group were relatively disrupted. by 


these changes, indicating that some subjects were learning 
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tony t ollow thes cue,..whiler others’were,actually. Learning <a 
spatial strategy. Consequently the training procedure was 
fpancged,) aicertriala lo. eso,that theygconditions din. .effect 
during. the. probe: trials were maintained, throughout the 
wemadiningvacguasition. trials. 


Daysyeoaxkne lO ghicht..,Each groupywase~e then, »civen {three 


additional acquisition days to learn the changed conditions 
antes Iriel 16, 

Days Nine to Eleven - First Stimulation Days. Following 
acduaisition ~thes.MAP and... CUEMgroups. were ,~divided»ednto 
subgroups? Ml andi M2 and Cli and C2 respectively... Subjects ain 
each subgroup were matched according to their performance 
Over hacquisitiony teainang, In order to match the subjects 
all subjects were ranked in ascending order by the mean 
distance swum by each subject over the last 20 acquisition 
triabssesndain,addition, 4) similar cankipe. was; made, using, the 
mean,» distance-swum, over, the, last.four ‘acquisition trials. 
This.» resubted,in a record tor ,ecachysubyiect of how,,2at. had 
performed .in, general. during. acquisition, and specifically 
on the last. day of,acquisition.: Each. mean was then compared 
with the overall mean for that group so that each subgroup 
could bee matched, for ,»those “subjects which deviated 
substantaally gneeither-dicections fropeihe .roupymeans= 

Stimulation trials began between the third and fourth 
trials onMehe: ninth day. ofstrainings (traalss 47-43 Rup Atier 


three snormadr) trials: each, ysubgect.an sroupse Mies and, oCl 


35 


i y ii¢ ul 
ot os 
ml r 
1 
tis j 
| 
i 
i 
2 ¥iAl 
ig 
ip §4 r 
; 
Fa } 
“ 
’ A 
f b wt 
bi kiheis sip! 


ri J fe 
uw’? E / il 
=) if 
no tur) trgi it 
1HIth. «fhe F 
‘bon fw 
D . 
os i 
= =) 


ilawisan avay- se rofdo) we iitdy : a bs 
ve od) 


izehepo tual Pee ae) 16 eeRgegs Soaese tb Asse 


yids taut eth) 1 Sth be aay yer 

“ 7 ae 
PAPO SS i 41En we ro pet pam se oa ta i 
ty oer £oa)en) ee re a0 ORR: a ® 


a egg ros RAM 


a cM KvOme AI gee ot 


LeU. pol sel pel Te = Se Seis = Devel eg 
a he 
? ote BUD > era . TAR She 


oni h iets ' rb PL pens ay9 ", hy wo regehalie: 


) 
‘am ade tebtg Ads ip iteet:) ns Pee 
ile: d, isa = - 
fobjo- a fhiSysn as Daiwa etapa 
425! 4A5) 1B VQ"s Slide dyke Vi we” oe 72k, 
. ro ew n 
ly. Bey Biel ivag, $5! ete 9 jagertbhe, wh» -edeigg, 


20) D409537 64g keetusex ehnT 


Hie «git tegbhigag’ Att thet fagonss nz bompatssg! 


=m f 
6 


26, oe hand sn6 I beiupss To deh peel ody ae 
; v2 qirorys inns ot eee !/ orev oe ditv 
bf) > eeeomins. seats) 762 béjlotem ose bliyes 


i 


otf eo wow) nobteerih tan?) nt ¢ilutruatedpe 


eid wit @BSNOSd pres ad: eswirs ror iplowiae f, 
gists) gwinte my jo ¢4eh Mire stn go efetoe 
qyorTp7 ai J2egela pone Sais! Patra. eeats { 


i 


received thirty seconds of stimulation GO ““microanps 7 60 
Hz? durdmns Othe +slarter thakt of the ttone! minute »-' interval 
between trials 3 and 4-(47-48). On stimulation days each 
SsuDyiecn vewas "Sliven "eieht ‘consecutive trials,’ with ‘the’ “eve 
and platform positions changed as required between trials. 
After the single stimulation, the subject was placed in the 
tant hor itive svemainineefive "trials “for “that “day. En order 
tol. “obtaim? “an@accurdte picture “of! *the course “of ) recovery 


from stimulation, consecutive trials were run as quickly as 


possible. Control groups M2e*-and = C2 were treated 
identically, alchowoh” “tirey7; Ot course, received no 
stimulation. The above procedure was employed for a_ total 


of three stimulation days. 

Devel Mwelve feandihirteen. Following this first part of 
Experiment One, all groups were given a two day rest, to 
allow complete recovery from any remaining effects of 
Stinubation prior to more stimuleacton™= tr tals, 

Day Selourntecn *= Prote 7 Peaaks — ine bent. ne "order (ito 
discover whether the training conditions had been effective 
im Seproducine ‘eroups which ‘had learned tosemploy  dirrerent 
strategies to'perform™ the’ Morris water task," va’ series ‘of 
foltr trate wastigiven to‘croupe Mi and Ch. For these trrrals 
a cheesecloth tent was constructed, which was then placed 
Overs. tthe Otani tim onder tto: tel iminat eta he’s tsi aul S sratced 
distal oem cues present during ‘previous trials « = ihe ©*cve 


Card: @ wad sta ti neluded® within the tank, Saline ela. wigale lke 
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were designed to see whether the MAP group was disrupted by 
EBhewy VOSSeeOlLeedictalis Cues, sands wswhether, -the.CUR. .group 
performance was unaffected since the cue they had _ been 
following was still present. To ensure that all room cues 
weroowelininaved., leach. subjectywas placed under. sa black 
cloth uponsremoval from_its cage, walked around the. room, 
and PSpuUnepanoundwesopthatyfamil@ar handline,;ciues .~and’ cues 
which :might have been available just before entry into the 
pool were also eliminated. In addition the video recorder 
and video. monitor were moved so that any auditory cues 
would come;trom aldifferent direction for these,trials..The 
probesresults .~contirmed that .eachseroup had, ifetact. -been 
enployingsa diiterent strategy . 


Paocedunes—ekant lwo 


One interesting finding which resulted from the first 
stimulation trials, wasiethatr etreeuctimulated. Cl weroup 
subjects appeared unable to locate the platform if they 
swam by @it omptheizt initialvapproachsto>s the cardy on, the 
tanky walls lhe, subsequent failure. to, find) tthe, plattiorm 
succests that sthe task for .the. CUE “eroup, .comtained™ a 
substantial spatial component, and that stimulation of the 
CUE erouUpesresubted. in. disruption, ofp fais componenu, 
producing larecevswim distances, on.stimulation. trials. ithe 
Sspatial.,compoment of. the cue task ,was;due. togthe tact {hap 
the cue eard and the platform were physically. sseparaced, 


since, thegecardshungceon thewwall in @he quadrant in “whieh 
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the platform was located. 

Tot hinvestagate this further®the™spatial’ component \ of 
the cue task was eliminated by suspending the cue 
immediately over the platform, so that any subject which 
learned to approach the cue would automatically reach the 
platform when it swam under the cue. The cue employed for 
the remainder of Experiment One was a_ black cube (2.5 
inches’ per side), suspended directly over the si cer Son 
approximately three to four inches above the water. The 
base of the cube was hollow to allow subjects to’ rear up 
inside them cube™ "while exploring? = 16, thus allowing 
CVsLane Laver =bactine "cues rPac*wellMas*visual®*eues*™» to. “be 
associated with the cube. 

AS secondary. purposewof ParteTwotwast toereplicate “the 
results “obtained “from the*first three’ stimulation days’, 
this’ time stimulating groups M2 and €25%while eroups ™M1lVand 
Ch acted+as+ controls? 

Daysr “Cher Tor srour = ®ACGUTSTE LON. | OMlowing them last 
triale “or Part One (probe trials: with tembe). valiesubjects 
were given three days to rest, followed by four days of 
acCqUuMsS Teton, thainineg in order Lo ger used. tothe suspended 
cue which replaced the cue on the wall. During these days 
all other ‘condvtions. were identical to > those present 


immediately. prior to the first stimulation days tof peti 


experanents 
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stimulation procedures were identical -to those used 
Dmeviously.soramulation was paven for thirty seconds (C10 
Hicroamps, “OJ Herz) immediately, followine trial three. on 


each day. 


Days sevens e, Eieht - Ml andw€l Stimulation. Following 


Phew scetmMitatron Gays “for. eroups M2. sand. «C2. -itwo Pita ak 
stimulation days were held, during which only groups Ml and 
Cl were run. On both days each group received stimulation 
between trials three and four, as they had previously 
durine the first part of Experiment One. ‘The purpose of 
this additional testing under stimulation: was to determine 
if the presence of the suspended cue would eliminate the 
large swim distances which appeared in the original data 
forwthne: stimulated Cl veroup., Ay secondapurpese of this, last 
stimulation session was to see if the Ml group again showed 
a stimulation-induced disruption to that of Experiment One. 

Table 1 provides’ an overall summary of the procedures 


used for each group in Experiment One. 
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Tabdey-1’. 


Summary of Experiment One Procedures. 
Table shows chronological order of 
events during Experiment One for all 
groups. 
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Results 


Electrophysiological Results 


The surgical techniques employed in these experiments 
involved electrophysiological recording from the electrodes 
in each assembly as they were being lowered into the brain. 
Recording tor-Collier etal C1982)"- this’ makes” possibile 
highly Yacéurate’ placement™-of- electrodes’ into the” rat 
dentate gyrus. When an electrode passes through the dorsal 
CAl pyramidal layer the recording is characterized by a 
DILStP+oEre; hight anplatude spikest?"Thiseis, }folllowed=' by?’ a 
period of relative silence until the descending electrode 
reaches the molecular layer of the dentate gyrus, at which 
timel®a ~second®?burst*appears* which is?"¢éharacterized’* by 
slightly lower amplitude spikes. 

All examples of physiological records are presented in 
Appendix One. Figure A shows a representative example of 
these two bursting patterns. The top trace was obtained 
from the electrode as it reached the CAl pyramidal layer, 
while the bottom trace was obtained when the same electrode 
reacheduithe “molecular layer of the dentate gyrus. The 
figures eittistraces™ the *slightly-+smalter-amplreuder™spikes 
whieh=®¢haracterize’ the déntate gyrus* “records: ”°0Once® the 
Pactcers Pattern appeared inthe deepest electrode Morrrrne 


assembly the assembly was fixed in place. 


Typreatiystavepertod Of*relatrve*=silence= "fol towed eva 
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barcc. sat. the pyramidal and molecular Tevel “alike. Most 
[Kenny slits, wes cue tO. 4a Slight potassium block “resulting 
from the bursting activity. When the area recovered it 
was common for well-defined theta to appear in the record. 
Figure B in Appendix One provides an example of these theta 
waves. The top trace shows theta waves obtained from the 
pyramidal layer. The bottom two traces show simultaneous 
traces obtained from the dentate gyrus (top) and pyramidal 
layer (bottom). 

While the contralateral assembly was being lowered 
into place, stimulating current was passed into the already 
implanted stimulating electrode fo =o tow is an evoked 
potential to be recorded by the descending electrode. 
Figure C in Appendix One provides some sample evoked 
potential “records ~~ obtained in this way from” “different 
subjects. It can be seen that since each record consists of 
multiple traces, the evoked potentials obtained were fairly 
Consistent. Evoked potentials were obtained from _ the 
Majority “Of subjects implanted and ‘representative  jrecords 
from each electrode in the assembly are presented. 
Histological Results 

Following Experiment One all subjects were perfused 
intracardially swith a, saline “solution “followed 7 bye? 
percent buffered formalin. The brain and electrode assembly 
were then removed in one piece and immersed for about a 


week in formalin to allow surficrent time for “the fipxea tealom 
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process. The electrode assemblies were then removed from 
the brains, and the brains were blocked. Standard paraffin 
embedding procedures were used and coronal ribbon sections 
10 microns in thickness were obtained from each embedded 
brain < Every fifteenth section was then mounted. on 
microscope slides and stained with cresyl violet. 
Megaresultsrecfithéseuprocedures indicated thaty al 
placements were accurately located along the hilus of the 
dentate gyrus. That is, the tip of the deepest electrode 
(used to stimulate) was located along the hilus, while the 
middle and shallow electrode straddled the pyramidal layer 
ofenthehedonsahehippocampuss toFiewre Ac fGin, Appendix, Two) 
presents photomicrographs of some representative sections, 
showing clearly the electrode track ending on the hilus of 
the dentate gyrus. The large size of the superior portion 
GOtadtheselechrodentrackeis oduwetto: theufactathatreatheerthree 
electrodes twisted together were approximately one 
millimetre wide. Finally some additional width was added 
duegehto ethehefact ‘that theltopatwor electrodesmutendeds bo 
protnhude, slichtly from the assembly at their respective 
tips, Thaspeas nesulLt of being bentstocproducerrthe (desired 


distance between the tips. 


Behavioral Results 


Soratehings ApPCueeGardecFor thenfinstyriewsneequisition 


trials rats from both groups would typically stop swimming 
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when they passed close to the black cue card, and begin to 
Scratch at it with both forelimbs. Of interest was whether 
either group spent more time scratching on the average over 
these trials. Figure 4A presents the mean time spent 
Scratchingoat the Dlack cite card-by Doth groups during the 
fac Ste Tour waAcgairst tion. trials: ihe: CUE group showed 
SionirNcantiyaemore anclination then the MAP erouwp ‘to 
Seratcnm at the tcue over these four trials Ff (1,33) = 9.84, 
Px 005. 

Rearing. Measures were obtained of the number of times a 
subject reared during a fifteen second period which started 
when the subject climbed onto the platform. While on the 
platform most subjects would stand on their hind legs, with 
their forelimbs held close to but out of the water. A rear 
was operationally defined as any movement which caused _ the 
head to rise and the body to assume a more vertical 
posture. Typically rears were easy to identify on the video 
recordings ,.ticonsisting oftfmovernmystnetchane to the full 
height of the subject, followed by orienting movements of 
the head. 

The mean number of rears per successful trial (a trial 
in which the rat reached the platform, climbed onto it, and 
remained on it for 15 seconds was considered a_ successful 
trial) 16 plotted for each Group in Figunes 4B 9 hismivcure 
shows that the MAP group reared significantly more than the 


CUE group ever the first ¢ight trials of acquisition 
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Figure 4. Mean Time Spent Scratching At Cue 


Card And Mean Number Of Rears During 
Acquisition. 

Graph A presents the mean time spent 
Scratching “at the cue card for both 
sroups: over the first four wtrialks'. 
Notice that the MAP group' scratches 


relatively tittle Mthroughout) the 


hitse i\.our trials woken, contrast. -the 
GUE-Ssroup. =showsy.aenich level” ‘of 
Scratching initially, followed (by a 
decline to the MAP level. 


Graph B shows the mean number of 
rears’ per trial Pér™ both groups over 
the firstveight acquisition trials. 
The figure shows that the MAP group 
reared consistently more than _ the 
CUE group throughout the first eight 
trials . The difference is most 
pronounced on the first four trials. 
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Leaving the Platform. The third behavior measured during 
acquisition trials was the average frequency with which 
each group jumped from the platform back into one water, 
before. it) “spent; am uninterrupted 15 ‘seconds on the 
plattorm. ie wasem@moted ‘thatevidurine?® the: first few 
acquisition trials rats would often climb onto the platform 
and then jump back into the water and swim away from the 
platform. 

The resulitts' for this section were obtained by first 
determining the number of subjects in each group’ which 
successiul lyigireached (theplatiormiton) cach trial (although 
the subject did not necessarily have to remain on _ the 
platiorm “hom therwcfudl gefisiteentesiccondsintinmer this case); 
Histogram Bysfin igure: SO ishowsiperion ieachlo£t the First four 
trials, the percentage of each group that successfully 
reached the platform. From these results, the percentage of 
those (successful) subjects in each group which jumped from 
the platformilat Meast once duning t) trifalemwais’ calculated, 
and the results are presented in histogram A of Figure 5. 
This histogram clearly shows a greater incidence of leaving 
the” platform for the’ CUE eroup over all four trials. The 
data represented in this figure are even more striking when 
considered in conjunction with histogram B. From these two 
histograms it can be seen that although the CUE group 


showed less overall success in finding the platform on the 
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Figure Illustrating The Differences 
Between The MAP And CUE Groups’ In 
Their Tendency To Jump From The 
Plat foxmm). 

A. This #hadstogram shows the 2% of 
subjects making at least one jump on 
each of the first four trials,  <(Me= 
MAP; .C. = “CUED WNotemthat, the “CUE 
group jumped consistently more than 
the MAP group. ' 

Ba This histogram’ shows the 4 of a 
group making a successful trial for 
eachtor the firses Pour strata ls. Note 
that this graph shows that the MAP 
group started out being more 
suceessfulvthan the CUE  sroup, (but 
that by trial three the CUE group 
was showing substantially better 
performance. Also note that in spite 
of thistingtial) superiority the MAP 
group still shows fewer jumps 
throuciour Ene triars. 

C. This graph shows dramatically the 
difference in total jumps between 
the two groups for this time period. 
The CUE group, «consistently shows 
nore junps,, inp spmee of the fact 
that fewer CUE subjects actually 
reach the platform on trials one and 
two. 
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Eipsctes two trians, those CUE subjects which did reach the 
platform “on ‘any’ of the first four trials showed a much 
greater tendency to jump back into the water than 
corresponding MAP subjects. This point is also shown by 
graph “Cin Figure, 5, which presents the total number. of 
qumps on each trial for the MAP and CUE groups. Independent 
one-way analyses of variance on each trial revealed that on 
fequiaciteLonmtriais two, BC), 29) = o.74, spa<..05, and four, 
PemGic. oc) to .5o, ap << .02,). the CUBS¢roup. jumped from the 
platform significantly more than the MAP group. 

Another result worth noting is that by trials three 
and four the CUE group showed success rates at finding the 
platform of ninety-five and one hundred percent 
respectively, in contrast with rates of seventy-five and 
eighty-five percent for the MAP group. Thus, although the 
CUE subjects left the platform more frequently, they seemed 
to, show) more rapid overall acquisition of ~they ttask «of 
locating the platform. 

Swimming Distance - Acquisition. Figure 6 presents a 
Summary of the mean distance swum on each block of four 
trials for cach eroup over all the acquisition) triais. 9 in 
spite of the differences in the behaviors discussed above, 
there was No, "Sienificant” main effect “of wacquisaeion 
strategy for distances swum by each group over the first 
sixteen acquisition trials, run over the first four days of 


training. 
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Figure 6. Mean Swim Distances During 
Acquisition. 
Note that in spite of the 
differences in rearing, and jumping 
from the platform, both groups are 
very similar im. their overall 


acquisition curves, It can also ‘be 
seen that the CUE group was more 
disrupted by the introduction of the 
Condit ons for, theptirst, probe trial 
(Block 95), ‘butiitthat recovery -from 
this’ waseswift .andicomplete. by “the 
end Of) (tr aaa ne. 
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However, as Figure 6 shows, the CUE group was’ more 
disrupted “than jthe MAP eroup by the change in trial 
conditions instituted during the initial probe period of 
toro lye toezOmeploek 5). An overall analysis of variance 
revealed that this difference was highly significant F 
Gis), =) be Od p< 0005. 

It will be remembered that the change at this point 
involved moving the platform location for the CUE group, 
bitsy net the: MAP oroup. As a result of this 9 :+finding, the 
probe trial conditions were maintained for the remaining 
acquisition trials, until a stable baseline was’ obtained 
for both gnoups. 


Stimulation Days One To Three. The effect of 


stimulation on groups Ml and Cl is presented in Figure /7. 
This figunme shows ardnamatic, bybutttmanstent, effect of 
Stimulationhewhichseisestrongesttion bothptgroups on trial 
four, wr Leure 7 presents a sraphlotethe sionttiicant three 
way stimulation by strategy by trials interaction F (7,245) 
me Dee Horee ID <).02 obtained from. the overall analysis jos 
Variance of the first three stimulation days. This figure 
shows the mean swim distance for each trial for stimulated 
groups Ml and Cl (graph A) and their “corresponding | non— 
stimulated controls M2 and C2 (graph B), collapsed over all 
days. The reader is reminded that stimulation occurred only 
once on each day, between trials three and four. As_ the 


figure clearly shows both stimulated groups were disrupted, 
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Figure 7. 


Graph Of The Significant Three-Way 
Interaction Obtained For The First 
Three Days Of Stimulation. 

The graphs show the interaction 
means for each group over eight 
daily trials for stimulated and non- 
stimulated subjects. Each = graph 
represents the data for three days 
combined. It can be _ seen that 
Stimulation s(arrowstol lowing metrial 
3)@ ‘hada dramatic. bat )transrent; 
effect on groups Cl and Ml,? while 
the corresponding control groups C2 
and M2 did. not differ. 
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when compared to their non-stimulated control groups in 
sraphs | Bsieltuistatsor clear: from. graphraéA-that’ the; effect: of 
stimulation seems to have been much greater on the CUE 
group than the MAP group, a somewhat unexpected finding. 
Independent t-tests revealed that on’trial.four,group Cl, t 
W600) =s5 ole Cpr< .001 ,.awaci significantly impairedecwith 
respect  Wtopieslapprepriatescontrolsejdngadditiom group «Cl 
was also highly significantly different from group Ml, t 
(290) 0 =8 46:26,,06 pwxy .00lLhe (The symbols (ee ane the level 
of significance for individual points in Figure 7 require 
some explanation. Since it is of interest to compare each 
experimental group with its own control group, and ‘also 
each experimental with the other experimental group, two 
different symbols are required. The eight-pointed star 
indicatestathat the-erouprhisidafferent= from’its! control at 
the p <eue 05ethevel.saeiTherastemiskegindicatestrthatéd the 
experimental groups differ at the p <x .05 level. If two 
identical symbols are present the difference is significant 
at the p < .0Ol1 level. This scheme is employed throughout 
the remaining relevant figures in Experiments One and Two.) 
pinilar, resultsthwere\obtainedr for: t-téstsaonrtrialed fives 
Groups Clawas istalilacignificantly different from group C2, + 
(490 )Tize 3250" pix GOO0L,)s butenor longerodifierente fromeseromp 
M1. 

Finally one result worth emphasizing is that the 


stimulation» effect ais quite *itransient, ~havinegs! declined 
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substantially by trials six or seven. 

Analysis of Rescored Data. Close re-examination of the 
video taped stimulation trials revealed an interesting and 
important finding. On every post-stimulation trial in which 
a CUE subject was disrupted, the animal would swim directly 
toward the cue card when introduced into the tank. However, 
since the platform was physically separated from the cue 
card hanging on the wall, if the subject swam past the 
platform on its way to the cue card, it would then begin to 
swim around the circumference of the tank, thus 
consistently missing the platform and producing large swim 
distances on these trials. This behavior suggested that 
perhaps an experimental artifact, namely a spatial 
component involved in locating the platform with respect to 
the cue card, was-responsible for the elevated scores of 
the CUE subjects. Since these subjects were trained to 
approach the cue card, it appeared important to assess 
whether they scontiniede! tow approach) the! cucy with) no 
hesitation after stimulation. Thus the data were rescored 
such that the distance covered before the cue card was 
reached, rather than the platform itself, was recorded, and 
subsequently analysed. 

The results of this rescoring procedure are presented 
in Figure 8, which shows the same three-way interaction as 
Figure 7 "Eor the rescored data. (To begin with it is 


important io, epoOlmeroutmet nats the, taped = trialsnotsald the 
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Figure 8. 


Graph Of Significant Three-Way 
Interaction Obtained Using Rescored 
Data Por) The First Three Days* Of 
Stimulation. 

These graphs are similar to Figure 7 
except that in this case _ rescored 
data was employed in the _ overall 
analysis. Note that the effect of 
stimulation. on group Cl grotpeehas 
completely disappeared while the 
effect “for <¢roup' Ml is “unchanged. 
Also note that now group MI is 
Significantly impaired with respect 
to, “eroup Clon trial Tour seh inally 
the control subgroup results are 
unchanged. 
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subjects in all groups were rescored in the way described 
above, yet the only group in which any scores were changed 
was the CUE group.) As Figure 8 shows rescoring the data 
completely eliminated the stimulation effect for group Cl. 
Rescoring the data also maintained the overall level. of 
significance for this three-way interaction F CL, 450n c= 
Ze DO DK OZ 

Independent t-tests for trial four using the rescored 
data revealed that group Cl was no longer’ significantly 
different from group C2. However, eliminating the large 
variance introduced by the elevated scores for group (Cl 
revealed a significant difference between groups Ml. and M2, 
t 7 (490) = 3222,040 <.0l,awni ch had previously “been masked. 
Also groups Ml and Cl were significantly different on trial 
fours) t: (490) 5 a2 Oa pena.) ee OlMEriaserivemsimni lar results 
were found. Groups Ml and M2 remained significantly 
dveterent,. st. (490) eens. ap GU am andi oroupaeM 1) sand Gl 
were also significantly, although slightly less, different, 


t (490) ABSIT Whiy KGAA) SC 


Thus the rescored data still shows a strong transient 
effect of stimulation for the MAP group, but the CUE group 
effect has now disappeared. 

One final point worth making regarding the first three 
days of stimulation is that there was no'main effect of 
days, nor were there any significant interactions involving 


the days factor. 


61 


aoe | _ Mes © 
i 


“p 


8 jew ods RY heteress ote Duane te at 

eis epee eatoed Vis ids ts ma Guppy: {tae odd res 
dw sptiéseey swede 8 Sn coavaee atu 

cits soba link aes ‘iia wuss = 


a, * 
‘sunt om dene sD.ab oat 


7 


siut Yohseerda he) .fe3 oo Bakes 
‘ A 


‘Hats treats ogiol on eew 12) eroge Sis petasven 4h 
enintr ts svewol ae gz2aIg mes ane79F4) 
| i : 


> 


Yodite De BeqTGos Wot hy ols ot i ‘rabuingg am <a 

Yo tae. ih 298 nbs wugd asnet nyt th. naeart: — cI a 
neodou las vere (Wen Utoiee y 10. >4 one. - ‘one 

Hee 74 “4 nso te east 229% cs. Y bin bM #EUCTE ef 

o1 heaps ovhd ERC aaa di! G a: 268 s artincd wet . 


itdigte beaiveda SU. “tne LM ie Nant 


Hoy 0-4 Quand, a6, Bal a i WRB A OR gia seRd tb) 
_inereitib seat (lena kie ‘ofgpodife xT: Ladaehatngte vont agow 
eG > q Beis (ugs) 2 
(catcneaen st SB. avoder cress ¥3ab Werasess ott ana? 
fie 35 MI sna ‘na quoi SAR odd 903 wolbesinmtse te tonite | 


= bsiresagect® won eet Jostie ~ ae 
) \ 


ep 1lt vent? ads oetbresay gitian npeew initoqg fens) ond 
7s 458719 ole Pew, 2a? Jerry eo obs seiues tae is aead 
gnivkevat Sfoti yeistnl 266n%otuagke gee S793 eyow Toa .e teh 


. ~totoee eyeb odd 


¥ 
F 
bes 


Figure 9. Mean Distance Swum On Each Probe 


Trial Conducted In The Cheesecloth 
Tent. 

The graph clearly shows the dramatic 
disruption produced in group MI by 
removing the fixed room cues’ during 
these triave. Although quite 
variable, the deficit does not 
appear to decrease substantially. In 
contrast group Cl was relatively 
unaffected by these measures. and 
continued to approach the cue card 
when placed into the water. 
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Probe Trials With Cheesecloth Tent. Figure 9 presents 
the results of the tent probe trials, which were designed 
to determine whether group Ml required familiar fixed room 
cues to locate the platform while group Cl needed only to 
approach the cue card. It can be seen that with no cues 
available to them, MAP subjects were highly disrupted in 
locating the platforn, while the CUE subjects were 
relatively unimpaired, thus confirming that the groups had 
learned different strategies to locate the platform. The 
overall analysis of variance on these probe trials revealed 
a highly significant main effect of strategy employed to 
reach= the placrorm, Fi) = 66.56. p< 0001". 

Acquisition Trials With Suspended Cue. Figure 10 
presents the mean distances swum by all groups on _ each 
block “of four” additional acquisttron 8 trials. after the 
hanging cue had been introduced. The reader is reminded 
that. for, these trials the cue Gsignalline. the ) plattorn 
location’ Vfor groups Cl andyC2> was a black, cube. §suspended 
over the platform. Figure 10 shows that the CUE subjects 
were initially disrupted by this change, while the MAP 
subjects were relatively unaffected. Also it can be seen 
that. by the end: ot “the first day of trainings a substantnal 
amount of recovery had occurred. 

Analysis of the first eight trials ‘of, Experiment, ~iwo 
revealed that the CUE subjects swam significantly longer 


distances F (354). eaeul ol, ap < 0001) Vthan » thes Ar 
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Figure 10. Mean Distance Swum By All Groups 


Oversea Le Acquisd tion: <lrialsn with 
Suspended Cue. 

The increase distance seen in the 
early, trial blocks is die: to \the 
introduction of suspended cues’ for 
this experiment. It can be seen 
that the greatest effect was on 
group C2. However by the end of 
these \acquisition trials all the 
groups were showing a stable 
baseline. 
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subjects. Independent t-tests on the one-way analysis of 
Vatrance tory tiéwtirste, Dlock of -four trials, revealed that 
group C2 showed a significantly longer average swim 
dis cancestuaneeroupaMe. t C238) —=92 5072p <a ,.02, and: that 
group Cl showed significantly longer average distances than 
group Mi> t C756 Jem 2 LON pl nS a Sea ne ne were no 


Citterences within the groups for each (strategy (Ci.e.., 


Hetween eroups "Cl and) C2, and Ml and M2). A similar. 


analysis) Of sthe last “elght training. “trials “shows “no 
Significant difference among any of the groups, indicating 
that all had reached a stable baseline prior to stimulation 
Paral s:. 


Stimulation ee nia lo touucroups MZsandtC2..Figure 1h ais 


Similar togkieures 7/.and Sein that itspresents a graph of 
the highly significant three way stimulation by strategy 
by trials intenactrone! .Gis24o) 225.005. Pecs,000lcobtained 
from the overall analysis of the stimulation trials data. 
This Vfiicures clearly shows thatethe  istimilation “had: <4 
dramatic, but once again transient, effect on group M2 
only, while. ‘groups Cl and C2 did not differ.~ (As was the 
case for the previous results of the stimulation trials for 
groups Ml and Cl, the data represented in this figure is 
collapsed over days. 

Independent t-test for trial four revealed that group 
M2) wasanichily cronifticantily different from “groups Mi eet 


C245) =. 0.25, mapa. 2O0h, snd from group 62), which wasealso 
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Figure 11. Graph Of The Significant Three-Way 


Interaction Obtained From Stimula- 
tine Groups, M2 and C2. 

Once again the graphs represent the 
data collapsed over days. It can be 
seen that the results for these 
stimutation “days are similar: to 
those in Figure 8. Group C2 did not 
differ Eromo 71ts non-stimulated 
eontroal Cl, "while ‘group “M2 was 
highly) ‘disrupted oni trial four) yoy 
the stimulation. The transient 
nature of the effect: is: Sagain 
evident in this graph. 
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worm aced tae) =. 6.40), p< s001% “The: results) for trial 
five revealed no significant differences among the groups 
indicating that. the effect of stimulation was only 
temporary. Once again no main effect for days was obtained, 
nor were there any significant interactions, in which days 


was a factor. 


pecond) stimulation Trials For Group Ml and Cl. Figure: 12 
is a eraph Sof ) the. significant. «triats by strategy 


ig eee EaGh, 126) 264.33 99 sp <000lwhich.resulted from 
the overall analysis of the last part of Experiment One, in 
which only the MAP and CUE groups were run. The figure 
Shows a strong, ‘transient effect of stimulation for group 
M1, and no effect for group Cl. Independent t-tests showed 
that group Ml swam significantly longer distances’ than 
group) Cli did on” teria ketoumeiten( (26-35 ep < O01, “but 
not on any subsequent trial. Once again, no days factor was 
Significant, indicating consistent results over both days. 
Finally it is important to compare the results’ shown 
in Figume 12 and kicure. 7 (for croups Mieand Cl.) Lt scan sabe 
seen that the introduction of a cue hanging directly over 
the platform for groups Cl and C2 eliminated the disruptive 
effect of stimulation for these groups, while the effect on 
groups Ml and M2 was unaltered. 
Consistency of Stimulation Effect. It has been shown in 
the histology section that the overall accuracy of the 


electrode placements was quite good. At this point it is of 
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Figure 12. 


Graph Of The Significant Two-Way 
Interaction Obtained From The 
Second Stimulation Of Groups Ml 
and Gi; 

The graph shows the effect of 
stimulation on groups Ml and Cl 
collapsed over both stimulation 
days. The disruptive effect on 
eroap Mil isfevident in this ‘graph. 
Also it is important to compare the 
results in this figure with those 
in Figure: tom eroups Mil vand (Cl. 
With the suspended cues present, 
the increased distances seen in 
Figure 7 for group Cl are no longer 
present, while the disrupt Lon 
effect for eroup. b> as more 
dramatic. 
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interest to examine the consistency of the stimulation 
effect, within and across subjects, to provide some further 
support for the conclusion that the placements were 
accurate. Since only the MAP subjects showed any effect of 
Stimulation, this section is primarily devoted to them. 

In Experiment One each subject in group Ml received 
stimulation a total of five times, while the M2. subjects 
received it only twice. Table 2 provides a summary of the 
proportion of these times in which a subject was impaired 
by the stimulation. To determine whether the subject was 
impaired on a given stimulation day, its distance swum on 
each trial was examined and if it was more than 150 over 
thesbaselinet (ie. about 300 or over) -that trial was scored 
as showing impairment. It can be seen from the table that 
every Ml and M2 subject showed impairment at least once 
during the cotrse of stimulation. “Also the overall average 
percentage of impaired trials was quite high for both 
groups. Lastly no subject in the Ml group showed less than 
two separate days of impairment, and only one of these 
failed to show: any impairment during the first three 


Stimulation days. 
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Table 2. 


Summary Of The Proportion Of 
Stimulation Trials In Which Ml And 
M2 Subjects Showed Impairment. 


74 


vee 


y . 


Rawo > 
. 
ay 
’ - 
i 
t 
\ 


a) AAD 1 > a 


inew east “haved 


a oo 
>w = 
ns ee ay ~ vz 
ied ee hs 7 
iT 
ae 
: i 
~*~ “ fra : _ 
i 
, 7. 
Nts pe 
1 h 
! =. ; 
iy ee, 
. ~ 


i 
Lien vt 
> be > ae 
SO : 
i 
1k, 


_* wt 


fumise 


a -44 
iS: ~ ‘ ' 4a 
: a ry 
’ dy BP 
» i 
a 
: it 
y zi 
! 
9 
t 
J 


GROUP 


M1 


M2 


SUBJECT 


10 


1 


NO 

NO 
YES 
YES 
YES 
YES 
YES 
YES 
YES 


YES 


YES 
YES 
YES 
YES 
YES 
YES 
YES 


YES 


STIMULATION DAY 


YES 


YES 
YES 
YES 

NO 
YES 
YES 
YES 


NO 


YES 


YES 


YES® 


YES 

NO 
YES 
YES 


YES 


YES 


YES 


5 TOTAL 
YES 2 
YES 2 
YES 3 
YES 4 
YES >) 
YES 4 
YES 3 
YES 3 
YES 4 
YES 5 

DOTPALA Pere 3:7 


PERCENT AVERAGE....74 


ROTA Le. = 1 


oN 


PERCENT AVERAGE....88 2% 


(> 


TO B.. SRRTTY A TOR ; 


LTC] 


PAEUUA ce ee ik ie bel. Ley a \ 


RE ves eth DT 


: 


¥; 
id. 

i 

a 


ON a 
ro d > | ag Y aay re : ; 

' Cw 
247 299 a 7 


vay hae, Bae 


egy way ae ie .y 
: Roa = 


oe. | Ran oy 


' cs 4) 7 a 
7 ? 
) e : 
iv ¢ oh a] 
ie ae eG ; a 
j ue i 7 
. 


; a 
p* o a i - 


Discussion 


The acquisition results reported indicate that 
although the overall rate of acquisition of the two tasks 
did not differ for the two groups, nevertheless there were 
some subtle differences apparent in the way each’ group 
acquired the task. For example, the decreased amount of 
rearing shown by the CUE group suggests that these subjects 
did not find it as necessary to familiarize themselves with 
the arrangement of fixed objects outside the tank. This 
implies that the presence of the single fixed cue within 
Bhey ~bank). wash subtiicpents for .thiseeroup,. toy locate: yrthie 
platform. In contrast the cue card could simply have been 
another distant fixed cue for the MAP group, since it was 
located across the: pool, trom thein platiorm,7 lLocati one asin 
fact there were several outside objects which were equally 
close to the MAP group platform location, which could serve 
equally well as landmarks for this group. 

The suggestion, thatisithe-, cue,. card was » the most 
important, + cue.s available. for the ,.CURe ;orompn is - further 
supported by the finding that this group had a much greater 
tendency to scratch at the cue card on the tank wall. This 
indicates that the card had become much more important for 
the CUE group, perhaps because they had quickly learned to 
Erode phere pl aeiorm-«oncey they» had,.weacheds. ithes, cue.) lin 
Contrasit.. Ue, would have...been, detrimental. for the pMAP 


subjects. to _haye spent time, scratching at. the cue. since 
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prerr prlattorm-focatron was ‘quite “distant from it. 

Finally the greater tendency of the CUE group to leave 
the platform is also interesting. Typically CUE subjects 
would reach the platform and then quickly jump off it and 
swim off in some other direction. Then they would return 
and +c limb) * back onto’ the ‘platform #’ One of “the ‘striking 
aspects of this behavior is that the subjects appeared to 
Have’ io tditrfaculitty Kocating the ‘platform after’? "the (first 
one or two trials. This ease of locating the platform is 
reflected in the finding that the success rate for reaching 
tire SspVatiorm fon? trials’ three “and ‘four? was 95%'>Sand? 1007 
respectively for the CUE group and only 754 and 85% for the 
MAP group. 

It is suggested that it may be possible to regard 
these differences as different manifestations of the same 
underlying phenomenon. Perhaps the CUE group learned quite 
qwicki-yi “=that “the cwe card *was alt they required to seach 
the platform, whereas the MAP group needed time to become 
familiar with the whole constellation of available cues and 
the relationships among these cues. The disparity in time 
spent i%scranchirne “at he ‘cwel+"card * provides” *addittonal 
support ‘Lor ths! interpretation. *1f this was’ the casei, then 
the CUE subjects might be expected to explore the tank more 
fully, ‘since they ‘could quickly ‘reach’ the platform without 
difficulty by simply swimming toward the cue card. This 


would then account for the increase in jumping from the 
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platform seen in this group. It also suggests a reason for 
the MAP group showing substantially less jumping, since 
once the platform was reached subjects tended to remain on 
TeV ponds reag*eirequently,s.and sins different. directions, 
presumably to learn to recognize the various landmarks 
which could guide them to the platform in future. Thus this 
interpretation would predict that the MAP subjects would 
show more rearing, less jumping from the platform, and less 
scratching at the cue card. 

The difference in swim distance »following the 
condition changes on probe trials 18 to 20 indicate that 
Ehet ofixed nature,xoft theecue carduand platform for the, CUE 
group allowed a substantial spatial component to enter into 
the task for this group. Suddenly moving the platform and 
cue card combination had a disruptive effect on the CUE 
group, which can be seen in Figure 6. Thus at this point in 
the acquisition trials it was found that some CUE subjects 
were employing a spatial strategy in addition to a guidance 
strategy. For this reason the probe trial conditions were 
maintained until the end of this and subsequent 
experiments. The remaining trials in Figure 6 show that the 
CUE group soon learned to solve the task with these new 
conditions,s sourthat iwhen stimulation trials were given, 
thereiswas,a fadrdy high) degree of confidence that the, two 
groups were using the desired different strategies. The 


probe trials with the cheesecloth tent (discussed more 
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fully below) also supported this conclusion. 

The results of all the, stimulation trials 5 a 
Experiment One strongly support the spatial map hypothesis 
advanced by O'Keefe and Nadel (1978). Electrically induced 
disruption of ongoing hippocampal neural activity produced 
a consistent severe impairment for subjects which were 
trained to use a mapping strategy to reach the platform. In 
contrast, subjects using a cue strategy to reach the 
platform were unaffected by the stimulation. As described 
above, the spatial map hypothesis predicts that the 
subjects in the MAP group, which rely on spatial cues’ to 
navigate, will be impaired by the stimulation, while the 
CUE group subjects, which use a simple guidance strategy, 
will not be impaired by the stimulation. 

Although group Cl did show long swim distances 
following stimulation (see Figure 7), it was found that 
these subjects were unimpaired in their ability to swim 
toward and reach the cue card immediately upon being placed 
into the water. The increased scores for this group were 
apparently due to the presence of a spatial component in 
the cue task. Consequently rescoring the data in the manner 
described showed that the ability to approach the cue card 
had been preserved in stimulated subjects, thus the 
stimulation did not appear to affect the guidance strategy 
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In contrast there was a severe impairment of the MAP 
subjects following stimulation. This result remained 
fol lowineerescoring, of all, stimulated trials, and was also 
present, on, cach estamulation day, indicating that, the effect 
was fairly consistent. 

The first question to ask concerning these results is 
whether, ine tact, the experimental manipulations’ were 
successful in Fee diedin oro ups which were forced to adopt a 
map or cue strategy to locate the platform on each trial. 
The results OD the "probe trialso conducted. .in the 
cheesecloth tent (see Figure 9) speak rather eloquently to 
this point. These trials clearly show that when all fixed 
distant room cues were eliminated, or relocated, and the 
black cue card remained present, the MAP group was totally 
unable to, find the platform, quickly and, efficiently... In 
most cases subjects in this group reverted to swimming 
fsomitonnl around the tank, staying six,to ten inches. from 
its perimeter. In) contrast. the, CUE Vsubjects, had ono 
ditficulty. inv quickly, finding thei platform Junder these 
conditions. Note that in Figure 9 the mean distances swum 
on each trial for the CUE group are in the same low range 
as those obtained for stimulation trials. 

One anecdotal discovery is, of interest at this point. 
The complexity of the constellation of cues available to 
the subjects under normal conditions is clearly 


demonstrated by the elaborate procedures eventually 
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required to eliminate these cues. It was quickly found that 
it was not sufficient to simply eliminate all room cues 
visible from = the “water by covering “the “tank with the 
cheesecloth tent.; It was also necessary to relocate the 
video recording equipment in another room in order to cause 
the noise it made to Ronee et on a different direction. In 
addition it became necessary to eliminate any cues that the 
subjects may have habitually obtained from the handling 
procedures used. This was discovered when the first two MAP 
subjects were given the first probe trial with the tent. 
These two subjects were simply removed from the home cage 
and placed into the tank through an opening in the tent 
wall. Both subjects then quickly found the platform with 
EVEtLe cLiiveulry:, indicating that, to was. Not suritcrent: to 
remove only those cues available from inside the tank. 
This discovery made it necessary to devise the rather 
elaborate handling technique described in the Procedures 
sectton,. including covering: the subject in a black shroud 
and spinning it randomly around the “room jpriror to 
imtrodwemne “1c, incovthe tank. “Cihe® importance, of ~these 
handling cues to the MAP subjects will be discussed further 
below.) Thus there was a high probability that during the 
probe “trials all relevant cues had either been removed or 
drastically altered, except for those present inside the 
tance  liee cCructal’ “tangdine, of Course, “ls “that “these 


elaborate precautions affected only the MAP group, which 
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imvartes: > theitconciusion that: theitwo tgroups «did, ‘ims fact, 
use different strategies to locate the platform, and that 
these strategies may be safely described as map and cue 
Strategies. Further it strongly supports the conclusion 
that the hippocampal stimulation impaired the ability to 
use a map strategy, but not a cue strategy. 
Having reached this conclusion, it becomes of interest 
tolcspeculatce. briefly tony the indturers-.of <cthey MAP: i <group 
impairment. While the data obtained from these two 
experiments do not specifically address this issue, it may 
be possible to approach the problem obliquely by examining 
in detail the differences in the task requirements for both 
groups. These differences may be summed up as follows: 
1. The platform position was fixed for the MAP 
group and randomly placed in one of four 
locations for the CUE group. 
2. Boe sbhkackwercar ¢ he(om tc ube) {econ ywewwasic nei them 
necessary nor sufficient to allow the MAP group 
tomelocatenthe plattormegyinecontrast tyikkt swais 
essential fou phtihe »,CUE 4 <eroup to perform 
efficiently. 
Aside from these differences, all remaining procedural 
steps were identical for both groups. 

Since the platform location varied randomly over 
trials) fomsthe CUR «subjects, «the tonly way rior «them tro" find 


the platform immediately on entry to the water would be to 
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approach the suspended cue. Under these conditions, the 
presence or absence of other more distant fixed cues would 
be? Vargely irrelevant. (9 Int factedt is difficult’ to conceive 
of any way in which the CUE subjects might profitably use 
these fixed cues. Thus it can be safely concluded that.the 
task facing the CUE subjects was most easily solved by 
following a single salient cue on each trial. In order to 
conclude that this is the crucial element responsible for 
the different effect of stimulation on both groups, it 
remains to be shown that the MAP subjects were also not 
following a single cue, but that they required two or more 
cues to navigate to the platform. 

Tote begin, with *it Sstp-certainlys< possibles that. MAP 
subjects could reach the platform simply by swimming from 
each entry point toward a single landmark which was 
dareetly ain Line) with the platform.®* Thus it* could ‘be sati‘d 
thare 6 an bone sense the MAP subjects were doing the same 
thing as the CUE subjects, ie. following a salient (to 
them) cue. However closer examination of this suggestion 
reveals that it is highly oversimplified. Upon entry to the 
tank, the MAP subjects, if they habitually swim toward a 
distant fixed landmark, must first decide which landmark is 
appropriate. Put another way they must be able to recognize 
where they are, since the choice of which landmark is 
appropriate depends entirely on the starting point for that 


trial. Thus in order to choose the correct landmark to 
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follow the MAP subjects must be able to recognize the 
landmarks which distinguish the different entry sites. The 
probe trials with the cheesecloth tent provide ample 
evidence that perception of the entry point landmarks are 
essential for the MAP subjects, while they are not required 
at all by the CUE subjects. It is suggested that this may 
be where the crucial difference lies between the _ two 
strategies used in..,.the task. The CUE subjects do not 
require any landmarks’ present, eplehes: before entry or 
during swimming, except the single suspended cue. This cue 
is easily visible from all points in the pool, and, more 
impontantly.,, itwis possible to reach the platform from any 
porn Jin gthew pool «by y simply . approaching (the jcue. in 
contrast, the MAP subjects, even if they use only a single 
distant landmark for each entry point, must be able to 
identify at which entry point they are located. Thus MAP 
subjects do require the presence of identifying landmarks 
not only during swimming, but also prior to entry. Thus in 
order to become familiar with the tank and its surrounding 
environment some neural memory system, into which this 
spatial information may be entered, is required by the MAP 
subjects but not by the CUE subjects. It is suggested that 
this is where the spatial map requirement of the task is to 
be found. As the O'Keefe and Nadel (1978) hypothesis 
suggests, interference with this map will produce impaired 


capacities to navigate. The experiments described have 


84 


n ant Le oni tao qm uranic!” ad teen nia at 


eu 


43 osfenegee 6a de and ee ‘ ci 
rit’) errs rice inaronnee rie ey etal eel 
bainorg sda” 40 Comustil ais ree et 
sioat patoq wire tne en Ap estobored, dash, 
wpet Jon sip vod stiaw cr oaiiton Ai was" Ok 

di tals beonepoue ah ak: swale ana ted. ed td 
HOKtted. set cent Bests: pas . 
J gebdtre Mtl sat De ictal ai feen 

fio satotel, dedtiis stenerjas ettonbak ys 99 
2047 .oohetbnohwnd af anny olde stune'e cer euneg a : ; 


Sag ey 


rea ew. Saag’ ol ath Saino yy cal atid eithety ih 


re 
= 


i pord «isttale 609 tape os 2 trarens ot ab ene 

isa aly o*een esha +4 eayy, yi ae if an ods ~Seawzees 
od) eda cord) J epi «aera hate Haine AR: Sanh ags tno tp 
cat uct vbpleasot dim: yous “Saou. tthe ae Se nae b; re 
ean barn f iby eae a i so eae, ata. al ea pazepeue? 
nt sunt). vad pe faRanigpe ie “epee eaten xiao: hs 
qiibaote ron bot Des apa wth dew! ii in ameowd. of ebro 
Shi AP edgl onmk , psd Yinbaais Lettie atow Seecaoiivas 
TAM sila voi boutipey ef Seaea9 od “(an noigenso%ss letisye 


jus headeegeod eh od el aaa Avs aaa bi +o8 tu sisstdos 


od Rt wed itt “Yo Inghondupe aaa cabanas ont esedw ef ekag 
ibeai toes i ANeL) Cabin bite etweR') wie bh, «banat 9d) os / 
us eign, sno rq Et i, 7 eat ale bbieied sadn eI haggue 
arya ri hay j'tseuh eSeromr age cath veyagivng of seiztoaeqge>s | 
' ” 7 


shown that disruption from two sources can result in 
impaired. navigational ability. First electrical stimulation 
of the hippocampus has been shown to consistently disrupt 
spatial abilities, and second, the tent probe trials have 
disrupted spatial ability by not allowing the subject. to 
perceive any landmarks to compare with the stored map. 
Neither the stimulation nor the tent probe trials produced 
disruption of the CUE subjects since they required no fiend 
at any time. 

The results of Experiment One have been shown to 
strongly support the spatial map hypothesis of O'Keefe and 
Nadel (1978). Not only were stimulated subjects which 
required familair landmarks impaired, but stimulated 
subjects which simply followed a single salient stimulus 
were unaffected, results which are equally consistent with 
the spatial map predictions. 

Having reached this conclusion, it becomes of interest 
to see how the spatial map hypothesis fares when directly 
compared with a competing hypothesis of hippocampal 
function, the working memory hypothesis advanced by Olton 
and his associates. Experiment Two was designed to use 
identies! “argangements “of “physicalsstimulivo aim order (to 
directly investigate the opposing predictions Made by these 


two major hypotheses. 
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EXPERIMENT TWO 


In contrast to the spatial map hypothesis of O'Keefe 
and Nadel (1978) Olton and his associates have proposed a 
second hypothesis suggesting a pure memory function of the 
hippocampus (Olton & Papas, BO79': Olton, Becker, & 
Handelmann, 1979). They suggest that tasks may be analysed 
into working memory and reference memory components. In 
their lengthy review of a number of earlier experiments 
Carried outta n ithedrviabs(Olten 46¢t alyello7o). Olitom land unis 
colleagues describe these two terms, drawing heavily on 
Honig's earlier definition (Honig, 1978). 

Working memory procedures refer to aspects of a_ task 
in which stimulus information is useful for some portion of 
the experimental period, usually a single trial. Reference 
memory procedures, on the other hand, are those in which 
information required Sfor “a ‘single “trial ,)°lstrequired’ ‘for. 
all <«ctrialss? Perhapsic*the®tedgsiesteuvwaye® to “‘cVarity  thti’s 
distinction is to study a brief example of a task regarded 
as having working and reference memory components alike. 

The radial maze has been extensively used as a_ task 
involving reference and working memory procedures. In some 
of the studies described by Olton et al (1979) an eight arm 
radial maze was used. Typically each arm of the maze would 
be baited and the subject would be allowed enter any of the 
arms to obtain the food reward it contained. The optimum 


strategy for a subject ‘to use in this task is to enter each 
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arm. ‘only once, thus obtaining all the rewards with a 
MiniMum-oL: effort. This strategy is often referred. to as a 
"win-shift' strategy. In order to achieve this, the subject 
must be able to-recall which arms it has entered during a 
Eriat, “S07 =tnate tt does’ not waste" time “and” energy ~ by 
reentering one of the arms. Since all the arms are baited 
Dee ener sclatimoLlmeaci ctrtaln “the information about whieh 
arms were entered, and the order in which they were 
entered, on the previous trial is irrelevant on subsequent 
trials. Thus information gained on a single trial is useful 
LOL culate ebrial only, sand this, component of the, task “as 
referred to as a working memory procedure. From this 
description it can be seen that it must be hypothesized 
that working memory processes involve the capacity to 
catalogue events temporally. In this respect the concept is 
Similar to that of episodic memory proposed by Tulving 
(1972). The reference memory procedures in the same task 
include the knowledge that all arms are baited on each 
Erial, -and that, the’ subject’ is only allowed= a certain 
number of entries into arms (usually eight) on each trial. 
Thus it can be seen that any stimulus information which 
remains constant over trials may be regarded as a reference 
memory component, while stimulus information which changes 
over trials may be regarded as a working memory component. 
At this’ point -@ short digression “concerning the 


terminology employed in the literature is of some valie. 
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The term working memory has come to have different 
meanings according to the discipline of psychology which is 
using it. For example the term "working memory" is taken by 
most cognitive psychologists to be almost synonymous with 
tconsciousness";. that. .is,. information, which may be_«kept 
immediately available in a working memory store by 
rehearsal. In essence the concept is roughly equivalent to 
the Waugh and Norman (1965) concept of "primary memory". 
They important...property of this,memory,store isasthat its 
current contents are lost when the subject is sufficiently 
distracted. In this sense "working memory" is characterized 
Qe whe eh ly Taniie andevsausia lily sor Peshort duration... ol. 0 
contrast the term "working memory" when used by Olton et al 
C1979) or etonie C1978) sdvtfers ina few. -impontantauways. 
First the contents of working memory are not necessarily 
Lost. s«dwe to distracting. events... Sincey4subiects .rekain 
"working memory" information across trials, and other 
perhaps longer periods. of time, the memory store 
conceptualized by Honig (1978) must be characterized by an 
ability .to survive, distraction. .« The. second difference 
between these two concepts of "working memory" concerns the 
degree of control exerted over each store by the subject. 
Honig's concept of "working memory" requires a high degree 
of conscious control to be maintained by the subject, both 
in retaining information and in resetting the information 


A . t * " 
when a change is appropriate. In contrast, "working memory 
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for cognitive psychologists does not imply this high degree 
of control. Given “that the two definitions of “working 
memory possess some important and incompatible differences, 
a good case may be made for suggesting that a replacement 
term be found for Honig's concept of "working mmemory" in 
EneG@uinterest of clarity. However,’ for the purposes of this 
paper, the term "working memory" will be used in the same 
sense that Olton and Honig have defined it. 

Using. this) approach, OlLton. wet peak Glo79'} then 
investigated the effect of hippocampal lesions on a number 
of different tasks, and concluded that damage to the 
hippocampus impaired the working memory processes’ required 
to perform tasks with working memory procedures. One 
important fact concerning the experiments described by 
Olton et al (1979) is that they employ preoperative 
training, and hence are designed to investigate the effects 
of hippocampal damage on performance rather than 
acquisition, in order to test an hypothesis proposing a 
memory function of the hippocampus. Since the working 
memory hypothesis was originally formulated to provide an 
alternative explanation for some data not readily handled 
by the spatial map hypothesis,  Olton et al (1979) include 
the following in their “introduction: 

"Lhe MeDUrDOSe, Of. thas. paper is to, compare the 
usefulness of these two general approaches in 
describing the behavioral changes following 


hippocampal system damage in rats in a series of 
experiments using a radial-arm maze. The initial 
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studies showed that in a test of spatial memory, 
rats with hippocampal system damage were severely 
impaired. Subsequent studies systematically 
varied the spatial and the memory characteristics 
of the task. They demonstrate that the critical 
variable responsible for hippocampal involvement 
was the memory requirement of the task and not 


its Spatial nature. We see these data as 

compatible with memory interpretations of 

hippocampal functions, but not spatial ones. " 
(ps 313) 


Before describing in greater detail some of the 
experiments referred to in this quotation, nie is 
appropriate to discuss some of the points made in the 
passage. To begin with Olton et al (1979) continually 
distinguish the spatial nature of the task from its memory 
requirements. It would appear that this tendency is 
premature at. best, fore =it ts.dtPiticuitytos ‘see. hows, <an 
animal's retaining information about its environment in the 
form of a neural representation of a map could be called 
anything other than memory function, albeit a highly 
specialized one. While this may be a minor point as far as 
Olton et al (1979) are concerned, it is worthwhile to 
clarify it for the present purposes, since both the spatial 
map and the working memory hypotheses are characterized as 
hypotheses which suggest a memory function for the 
hippocampus. 

Olton et al (1980) describe a series of experiments 
which were run to test the implications of the working 
memory hypothesis. These were systematically organized into 


categories depending on whether spatial maps and/or working 
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memory could be used in the tasks employed by the 
individual studies. Olton et al (1980) presented a four 
cell matrix, each cell corresponding to one of the possible 
combinations of memory requirements (working or reference) 
and mapping requirements (mapping permitted or not 
permitted). 

The study representative of the first category 
involves a spatial component (i.e., the maze is in a fixed 
location with fixed extramaze cues present around the 
testing room) and a working memory component, a win-shift 
strategy. Becker, Walker? « Oitton - re? tO! Connell, eCro7s) 
reported that hippocampal lesions produced an enduring 
deficit in this task using an eight-arm radial maze, while 
Olton and Werz (1978) reported a similar deficit using a 
l7-arm radial maze. These results are interesting but 
itor taatet etry the working memory component and the spatial 
component of the task are confounded. Consequently they can 
not be regarded as valid tests of the working memory- 
Spatial map hypothesis distinction. 

The crucial design to test between the spatial map 
hypothesis and the working memory hypothesis requires a 
comparison between a working memory task which includes a 
spatial component, and one which does not. Such a task was 
used by Olton and Feustle (1979), involving a four arm 
radial maze in which intramaze cues were made salient by 


increasing the height of the arm walls and including visual 


Oe. 


‘qieat onde age inion OF Hgtaob iatsuzs ~ At © _ 


| ye sived tui? shim esev segrveiiven’ jek doidw et oxka terber 


ca 7 i? @ 
; . i - : = > 7 whee Pa 
ie - Peo q ab’ ; ii 7 
' : . ae " a we Cad a rn 


Oe 


end 4d tht bt Wane? (ome spy 


vy ie 


eft To sho of iatheiga 


5 


pope Tate: To: gktstew) esponesiiged ‘Yomon aren 
ov 20. seativesy “del regen} _eisanetives eareg ai 
a? 
et catty ie 4 e302 slo Fe ses penunanio seid “ is 
baxt? # wr GF wee add eye SD, weapons Mast aiad ‘a abyto 
Wwe bow 2heeeng Seng ates eas fave? | * taav ae tied 
$7 ; tm aye c dad ciogalbg Fala catia ga thay y wei, aici E 
tt) altel Pel | Pa spent pment “ : 3 
jorwhwe he “hss noe ‘eahenit dpanosbeqte betolei 
“ tidy ,»dwee Ledinen mresagis, ne: gy baw iw ‘shi ut 3 
citey sont teh % saree ‘et hlriegen cere sisi ay a 
rod pe taetedal oe “hteven, Sanat seqgit) Tsthas <n of 
Ps aeme ot ate ee noite Trond: gaestvoW! wed tenia a 
fos wud wiz pee deaned nybpaditose bie m- one to Andie — 
-"wose ontttow wie. Tey te bites mb babsnge7 | ed 
im gia aes e desi tbat qeia teia . 


_— 
ae 


I wo ning: wiwawdodi yiderde guidrew wit baa vada 7 
" —~ dadaw weed! groan gitavow é panvaee nont yeees - Tea 
wey dans re awe S00 wood ibs iw dno the (7 henegmod terdeqe 
ie rie is gedvtuvage Bc lal eltaae% ‘baa nos XO ” yd bse 


teeny ‘ant bvie) oan whi wits eta’ So’ spied S09 Qeleebsont 


and tactile stimuli. Extramaze cues were minimized by 
covering the tops of the arms with cheesecloth and reducing 
thesCroom Paillumination. “Use of*alespatial strategy iuwas 
further excluded by randomly switching each arm between 
eriais ‘such Sthat=i the arms’ did@not: maintain’ av i.constant 
topographical relationship with each other over trials. 
Using this task they found that normal subjects took longer 
to learn the intramaze cue task than the extramaze cue 
task, and that following hippocampal lesions performance 
dropped to near chance levels. Thus with no_- spatial 
component present, subjects were impaired on a_ cue-based 
version of the radial arm task. 

Olton et al (1979) then describe a study in which the 
apparatuselis anvaifixedhiocation, er thissallowingieave place 
strategy to be used by the subjects. However in this case 
the task contained distinct working memory and reference 
memory components (Olton & Papas, 1979). A 17-arm radial 
maze was used, and eight of the arms were always baited at 
the beginning of every trial, while the remaining arms were 
never baited throughout the course of the experiment. The 
working memory component of this task was identified by 
OitonmoandvePapase Pi(C1L979) cass being. thes tact thatsetheta@sane 
eight arms were always baited at the start of a trial, 
hence the subject needed to remember the identity and order 
of the arms entered on any one trial. The reference memory 


component consisted of the fact that the remaining arms 
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were never baited, and hence should always be avoided. Two 
patterns of baited arms were used; a mixed pattern and an 
adjacent pattern in which all baited arms were grouped 
together. Entries to unbaited arms were scored as reference 
memory errors, while FECNtEr Les: to apms trom “which “the 
subject had, on that same trial, previously removed the 
bait were scored as working memory errors. Subjects were 
trained preoperatively until they learned to ignore the 
unbaited arms and showed few eee. errors. “Following 
surgery, performance on both the reference and working 
memory components was equally impaired for rats with 
fimbria-fornix lesions. After about thirty; “tests 
performance on the reference memory component had returned 
to pre-lesion levels, while the performance of the working 
memory component remained at chance levels. These findings 
are taken as support for the working memory hypothesis. 
Some comment is appropriate here. To begin with the 
finding that fimbria-fornix lesions produced equal 
impairents in reference and working memory procedure 
performance suggests that subjects tended to enter arms 
randomly immediately post lesion. surely a more 
parsimonious interpretation for this aspect of the data is 
that the hippocampal damage could have rendered the 
subjects, unabtes =to distinguish “the jdiftferent “arms Dy 
impairing their ability to navigate on the maze. It should 


be remembered that the maze employed had identical arms 
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which were distinguishable primarily on the basis of the 
extramaze room cues available. In this task the use of a 
place strategy to locate specific arms is required, hence 
the finding of equal impairments for baited and unbaited 
arm entries is exactly what the spatial map hypothesis 
would predict. The later data, then, is the only data which 
may be argued to exclusively support the working memory 
hypothesis. 

The studies discussed so far pertain to three of the 
four cells in the matrix Olton et al presented. The 
remaining cell involves an experiment with working memory 
components absent and mapping permitted in one task but not 
im a second. The "study (Becker; *-0?fton, Anderson,  “& 
Margolies, 1979) reviewed by Olton et al is of great 
importance to the Experiment Three, since it represents a 
complementary situation to the conditions employed in the 
present experiment. Before discussing the details of the 
Becker et “dine study, -LLeis, 1 mpottant tO, -dealeu wWitheniLes 
implications “and the predictions arising from its design. 
Since it does not involve working memory elements, the 
working memory hypothesis would predict no impairment 
following interference with the hippocampus. The _ spatial 
fap iy pothesis © predicts a dissociation of the “eiiect of 
hippocampal lesions on performance, since one task requires 
spatial mapping while the second does not permit it. Thus 


it can be seen that the results of such a study are crucial 
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for the working memory hypothesis. Further, they allow a 
clear distinction between outcomes which’ support the 
working memory hypothesis and those which support’ the 
spatial map hypothesis. Finally, itis of great interest to 
contrast the results of the Becker et al study with those 
reported for Experiment Two to be described below. 

The study in question involved a central square arena 
within an enclosure. The area outside the arena was called 
the runway and each wall of the arena contained three 
doors. The task was to enter the arena through the only 
Open. door available and. approach. one. of ..the y. distinetive 
objects present which concealed food. In the condition 
whach.»(did.». not permit, spatial «mapping , the, food.» was 
consistently associated with the identity of the objects, 
and not their location. To ensure no mapping was used the 
objects and the points of entry to the arena were randomly 
arranged. The condition permitting mapping involved an 
identical apparatus, andj conditions, “with othe srexception 
that the location of the objects was constant over trials. 
The results of this ingenious experiment were somewhat 
troublesome for the working memory hypothesis, in that the 
dissociation following lesions which was predicted by the 
spatial map hypothesis was confirmed. The rats employing 
Spatial strategies to solve the task wane severely impaired 
Whiulkes those™whroh Nad to .discriminate thesidentity of the 


object were unimpaired by the lesion. Thus this experiment, 
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while necessary from the point of view of systematically 
tuvestigeating the implications of the working memory 
hypothesis, actually provides strong support for the rival 
Spatial map hypothesis. Lastly, the Becker et al study will 
be seen to be quite similar, in many respects, to 
Experiment, Iwo, particularly “the fact ‘that both” desiens 
invite predictions, where the spatial map hypothesis is 
concerned, “ora “dissociation ‘of stimulation effects on use 
of place versus guidance strategies. Experiment Two 
CeLrers,- tiougn,s in that itlinvites the working memory 
hypothesis prediction that both groups will be impaired 
following stimulation since the design contains a_ strong 
working memory component. The remainder of this section 
will be devoted to a brief summary of the study after which 
Experiment Two is closely modelled, followed by a 
description of the design of Experiment Two. 

The spatial map hypothesis and the working memory 
hypothesis of hippocampal function have engendered a_ large 
amount of controversy in the recent literature. As is 
apparent from the above discussion a major reason for this 
is that many of the earlier working memory studies employed 
Spatial tasks, Stich as radial” mazes’, thius “ntrodweci ne a 
source “of contoundinge. “One vot the ‘purposes “orm “Experiment 
Two iS Eto eliminate this confounding “by controlling ~ the 
Spatial and working memory components of the experimental 


tasks independently. 


96 


relege 6 ety 10 tatee wis egit 
Torment grisiow sas * 30 acral” eae ett ry 
a3 Yo Stource geodte pres vhae= 
wee ee vunwal seiaadsegyd dent 
29gant Yase Oe rel bee rae ‘oa ws 
| et Soe2 ong 1ripiesigine: pont ta “a 

con letrage ony athe aeatbiasell 
raz lumeve 40 sobyeiaaeekh k ie cen 


a 


iy 
we wels stad owe lgaiande donates “emai? esalq “St 


77 


(azo esx Gag IWR se Nata, ni, 8ga0d) am 
iw 2ygetg “sto ems Avteoatorg eison3 
gugite £2 antsenme> og hae iit ears. NéPsetuetse go iwek 
yee Shh). 4 aon beieet, od. 19 RORBOD (lomem gor 

tiw xedte thedereey de, rrommule aadtd wes opedovss od 1 é 
sbipi Ben sie eeeors ae wt Anse r 19 pi 
Yai ‘wane aeeell to watee’ pihy te covdg yeaa : 

© guise silt Bee ieidagielt « qa tnddeqge: sat 7) * 
t s buveheenhe sveddohibert.\dqquroutqta to odund dean 


Svutevesid) aleset edt pt yeaswe saes! Fo suvoms 


t 


elds ivi adeesy 40tan ed Riwewoe th satu ada ood? Sagteqqe “a 


poreleay eethuze prise gRa¥rov tekiees os So oes jana et 
B aniovigt7zaz aw peeken SBIbaX we ae etess Inttage 
Sith dsHy Fo eseou1gg @f¢ be ec . galbdenvetass te BSortsbe 
‘3 giMtowerss vt enkhteetics etd sdetkette od #i owT 
jsineanws aus ef? do zananogmes Yrotes ghitiev tas fafiteqe 


stitesbesaehal ete62 


Although Olton et al (1979) concentrate on performance 
effects, there have been few studies which have examined 
the effect of hippocampal stimulation during performance of 
a working memory task. Recently, however, one interesting 
study has reported that low-level unilateral stimulation of 
the- dentate .granule.cells _in., rats, produces. a marked 
metention, inpaicment-.ino a... radial maze task. (CCollier, 
Miser.» y,lravisw. & Routtenberg, . 1982)..4 Since their « study 
provides the starting point for Experiment Two, it warrants 
a brief description. 

Rats were first trained in an eight-arm radial maze on 
asstandard task involving.a “win-shift". strategy. In other 
words, errors consisted of reentering arms already visited 
Ope Ags Cavenptrial .«) Kats.were. oiven, one; daily. triads tox aia 
criterion of 7-8 correct entries per trial over five days. 
Chronic unilateral dentate gyrus monopolar’ stimulating 
electrodes were then implanted using electrophysiological 
placement techniques. Training was then given on a task 
involving delayed matching to sample in the radial maze. 
This task involved a “win-stay" strategy which meant’ that 
S's had to learn to locate the only baited arm on trial one 
and return to that arm only on trial two. S's were given 
two, trials, per, day, for, thise task following. mastery,e of, thas 
task S's were shifted to a version of this delayed match to 
sample task which involved five daily trials. As _ before, 


S's discovered the baited arm on trial one and were 
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required to return to that arm only on subsequent trials. 
Trials two and three were to show that the rats had indeed 
mastered the task. All trials were separated by a one 
Henrie sintertrrat “interval “(li?l), and for the ‘first “30 
seconds of the ITI between trials three and four unilateral 
stimulation of the dentate granule cells was given (60 Hz 
sine: ‘wave, “*fOus* peak=intensity io” "The effect “of this 
stimulation was to produce a marked impairment in 
pertormance’ ‘on “trials*sfour and ‘five’ "'On “trial *tour »‘tiis 
impairment consisted of increased errors for choice 
accuracy 9(tatlune- "to Y tind the “baited: arn) ttand. choice 
repetition (reentry into arms already entered on that 
trial), )twhibe “for “tridlhtive “only *choicelaccuracy férrore 
persisted. Trial five performance overall was better than 
trial four but S's were still significantly impaired over 
controls and their own earlier performance on trials two 
and three. In total three stimulation days were given, over 
six, days: of (\triraes, with the result tthat uo changernn tie 
degree of impairment was seen over accumulating diiees of 
Stimulation. 

Coltrer etal. [9S2. "concliuded™'thar “these “results 
revealed a distinct retrograde amnesia (RA) and 
anterograde amnesia (AA) effect. They suggested that errors 
in choice accuracy reflected a RA effect since in this case 
the "'subject Gould not recall “information about ‘the ‘correct 


baited arm Ttearned prior to ‘stimulation. In contrast, aa AA 
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effect was revealed by errors in choice repetition since in 
this case, S's were failing to remember information learned 
after the stimulation. It was the persistence of the choice 
accuracy, effectswhich, led,to-the conclusion, that. working 
memory (which they equated with choice accuracy) was 
impaired by the stimulation. 

Iihiss,conelusdon, .1s.open,to.question.on,a, number..of 
grounds. The prime problem with their conclusion concerns 
the fact that, as with many of the other studies mentioned 
in this discussion, there was a strong spatial component in 
the task which is confounded with the working memory 
Fackor,.~-.Stimulation-induced. impairments,,in;),the .spatial 
capacities of the S's could be equally expected to produce 
random entries to arms, as in the case of the Olton & Papas 
study (1979)... »Thusy thewinterpretation that. these. error 
patterns reflect impairments of two different memory 
capacities of the subject, may be replaced by a more 
parsimonious explanation based on impaired Spatial 
abilities, .of «the.subject as_a:result,ofssthe ,hippocampal 
stimulation. Subjects could be aware of the rewarded arm 
and of arms already entered on a trial, yet not be able to 
locate them due to pure spatial impairments. This 
explanation is even more feasible when it is realized that 
the apparatus and room cues alike were in fixed locations, 
a condition which encourages use of place strategies. 


A second problem concerns the definition of working 
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memory employed. In this design there appear to be_ two 
areas in which working memory may be said to be required. 
Subjects must forget the relevant arm from the previous day 
Guypltriak one oftasgivensday,' tTandvonce théeyrdiscover the 
current relevant arm on trial one they must remember vaneGe 
the rest of the day. This all comes under the heading of 
choice accuracy, to use the authors' definition. However, 
within this second. task there is a working memory 
component with an even more restricted time frame, namely 
the subject may make a reentry error once a choice accuracy 
enrotvelias voecinredewolhiswunisaeareferred htd0aras tae choice 
repetition error. The results indicate that choice accuracy 
errors are longer lasting, yet it must be concluded that 
both types of errors reflect working memory impairments. A 
major problem arises from these data in that the working 
memory hypothesis makes no prediction concerning different 
time courses of these separate working memory effects. In 
addition, the working memory component of this experiment 
which is most directly comparable to the Olton et al (1979) 
d6ftatetion ist that®ct chéicetréepetrtionwwithigetanvtrial, 
that is) *reéntfry “errors; which, “in the Collier*et *ale¢l982) 
study, showed relatively quick recovery following 
Stimulation. oLinetcontsasti %the senduringhedeficitc inesthe 
Co@iiier Mett hal CEL9S2he studytowas’ the choice accuraéy 
component, an element which was operative across trials in 


the sense that the correct arm had to be remembered within 
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a day. 

Since the Collier et al (1982) experiment was open to 
several interpretations it was decided to partiabhby 
replicate the study, using the Morris water task as’ the 
experimental task, since the task may be solved using 
either spatial or non-spatial strategies, as demonstrated 
by Experiment One. 

Design 

This experiment was designed to test the effect of 
stimulation oon performance of the Morris water task which 
involved a working memory component. As before, the design 
involved two groups given acquisition training on a_ task 
requiring either a taxon strategy or a place strategy. The 
MAP group was trained to ignore the cues suspended over the 
tank, and to rely on the fixed room cues in order to locate 
the platform. The CUE group was trained to associate a cue 
with the platform, and ignore the fixed room cues, since 
the location of the cue and platform combination varied 
randomly over trials. It should be noted that this design 
is very similar to that used in the previous experiments. 

A second element in Experiment Two was the presence of 
a working memory component within the task for each group. 
As -+in the Collier. «et al.G1982) .study, the» target memory 
item, Poitisasthis rcase sthe location of uthe aplatéorm,;,. nather 
than a baited arm, remained constant over all the trials in 


a single day, but changed over days. Thus the task employed 
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in this experiment was essentially a water maze equivalent 
of the Coliver jet al (1962) radial maze ‘win-stay' task, 
one difference being that only four potential target items 
were present instead of the eight arms of the radial maze. 
Following acquisition of this task by both groups, 
dentate gyrus stimulation was then given to half of each 
erouno. lhe ‘predictions concerning the results for each 
group are clear-cut for the hypotheses being tested in this 
experiment. The working memory hypothesis predictions will 
be described first. Since both groups were required to 
perform a task involving a working memory component in the 
Sense-, that. Coliter et al define ait, disruption. of the 
hippocampus by electrical stimulation would be expected to 
produce a marked impairment in both groups. In contrast, 
the spatial map hypothesis predicts that only the MAP group 
subjects would be disrupted by the stimulation, since they 
are the only ones which required an intact mapping ability 
to solve the task. Experiment One has shown that the MAP 
subjects were highly disrupted by the stimulation, hence it 
is reasonable to expect a similar disruption in this case. 
Thus the crucial results for this experiment were those for 
the CUE group, since this group must show some impairment 
if the working memory hypothesis is to be supported. 
Following the first day of stimulation testing, it was 
decided to manipulate the presence or absence of the 


suspended cues for the MAP groups, and to counterbalance 
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the these conditions for groups Mlvsand M2. In other words 
the order -in) which a subject “received. stimulation and 
exposure to the tank with no suspended cues was 
counterbalanced. The reason for this was to discover 
whether the presence or absence of suspended cues had any 


artect on the reaction of, the MAP subjects to the initial 


presentation of stimulation. ihe, resulting desten = ie 2 


illustrated in Table 3. It can be seen the presence of cues 
factor and the presence of stimulation factor were treated 
as within subject factors, while the strategy factor and 
the group factor were between subject factors. Since only 
MAP subjects had the cues removed from the tank Table 3 
only shows one between subject factor, namely groups. It 
should be realized that a between groups factor of strategy 
with two levels, CUE and MAP, was also present. With this 
design any effect due to the presence or absence of cues 
would show up as a main effect, while the effect of the 
order in which the subjects were given stimulation and the 
suspended cues would appear in the various interactions 
involving the ‘presence of cues' and the stimulation 


factors. 
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Table 3. 


Design For Treatment Of MAP Subjects 
Showing Counterbalancing of Suspended Cue 
Factor And Stimulation Factor Over Four Days 
Of -Teetineg. 


The table shows that the suspended cues 
factor and the stimulation factor were 
treated as within subject variables. The 
number in each cell represents the actual 
day on which theseonditions for that ‘cell 
were fulfilled. 
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Method 
Subjects 

The subjects for Experiment Two consisted of 40 male 
Long-Evans hooded rats, obtained from Charles River in 
Quebec. Subjects ranged from 300 to 400 grams at the time 
of surgery. All subjects were housed together in a 
temperature-controlved “room ona 24° hour continuous Aieht 
cycle, and given ad libitum food and water throughout the 
course of the experiment. 

Before acquisition training all subjects received 
identical bilateral monopolar electrode implants in the 
stratum moleculare of the dentate gyrus. After seven to ten 
Gayse—ror recovery acquisition ‘trials’ began. Prior to 
training subjects were randomly allocated to two groups. of 
twenty subjects each, referred to as a MAP group and a CUE 
group, as in the previous experiments. 

During training; ) 7a total sooty three aah PeGiae lost their 
electrode assemblies and had to be discarded. 

Surgical Procedures 

Surgical procedures for this experiment closely 

followed those for the previous experiments. In this case 


only a single electrode was implanted in each dentate gyrus 


at the level of the stratum moleculare. The same 
stereotaxic coordinates with respect to bregma (AP, -3.5 
mm $ Li, 2.0mm), and the same technique of 


electrophysiological implantation was used. 
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Following surgery each subject was replaced in the 
home cage and allowed about a week to recover. 
Preparation of Electrodes 

Each electrode consisted of a single length (approx. 
10 - 12° mm) of fine Teflon coated stainless steel wire 
(0.0092 mm with Trimethyl insulation, commercially 
available from Johnson Mathey Metal Ltd.). The insulation 
was removed from the tip of the electrode for a distance of 
0.5 mm and from the other end for a distance of about 4 mn, 
to allow a site for connection to the stimulating leads. 
Electrodes were held vertical in an alligator clip attached 
to the stereotaxic electrode holder. 
Apparatus 

All apparati used in Experiment Two were identical to 
those described for the previous experiment. This includes 
the tank itself, the video equipment, and the stimulating 


apparati. 


Three cues in addition to the black cube were suspended 


over the tank during trials: 
1. A white golf ball with a vertical and horizontal 
black stripe painted on it. 
2. A black and white checkered cone made from an 
inverted funnel three inches in diameter. 
S.A) whites styrofoam eA. cinch ball Ginto. awhieh sa 
number. of thin sticks, each with a. smaller 


colored sphere on the end distal to the ball, 
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were randomly inserted. Tis’ -cue* wirll = be 

referred to as the 'star'. 
Thus the cues used in this experiment consisted of a_ ball, 
a cone, a cube afi a star, each of which was suspended over 
the” tank’ during trials’. 
Procedure 

The procedures followed for each trial, training and 
Stimulation, were identical to those described for the 
previous experiments. The only difference in the present 
experiment concerned the protocol involving the four 
suspended cues and the four potential platform locations. 
Training consisted of gradually introducing more cues’) and 
platform locations into the experiment until subjects 
showed relatively direct swim paths to the current relevant 
cue. During training care was taken to ensure that the CUE 
group was given equal exposure to all four cues by the time 
Stimulation was given, and that each cue was the relevant 
cue for an equal number of trials. The same applied to the 
MAP group, except that in their case care was taken to 
ensure that each platform location was relevant for an 
equal number of trials. The protocol followed to achieve 
this starer of ~traininy.-1s6°-921ven» below. fo -sinplify 
description the references to the cues apply to both 
groups. That 81s.) the MAP group experienced’ the same cue 
Configurattons as ~the”” CUE group “on ‘each trial. The 


difference between the groups consisted of the fact that 
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the platform location remained constant for the MAP group 
regardless of the cue positions. The platform location 
moved with the relevant cue for that day for the CUE group. 
All cues,\ used on a eiven day were used for all trials on 
that day. One final difference from previously described 
procedures was that on each trial all subjects) from both 
groups were introduced into the tank from the same starting 
focation, while istarting locations varied over trials» so 
that each location was used once in every four trials. Also 
subjects Were ecune Bin sgroups of “nine sor ten during 
acquisition, trials. <Forsstimulation trials subjects ‘were 
rin through lal iweioht trialsoin <a row to, obtain <a better 
picture of any recovery effects which might have occurred. 

Days One To Four. Only four trials were given on each of 
these days, since, as before, subjects tended to swim long 
distances during initial trials and it was desirable to 
avoid fatigue effects. On each day only one platform 
location and one cue was used. 

For the MAP group only two of the four Locations were 
used over the first four days, on alternate days. For the 
cue group only two of the cues were exposed, the cube and 
the ball, again on alternate days. 

Day FivessOn day five the third. cue, the cone, and» the 
third platform location were introduced. Eight trials were 
given on day five, and for the remainder of the experiment. 


The reader @ersecemiundeds that on each trial to this point 


ANON?) 


512) RAR, BO? 


(ioehosere eco Yo weboheesa eds col bas ,s7tS tab no oavig 


TAM sa? Yo. aHSIeNeS shia ines eeeaa 
nr9htela oat  HnotLeeg aH aks Zo eel. 
o ofl na ya ‘aii 10% e490 aonveisa odatiae 
ema. cicadas tab favey o KS hone” foe 
lewotveag we a Sona Reh lant? owt, tah 2 
-J s2setine PPd Debvo dome ae pete aaw a 
4agae ‘eco wer) Anes og as jpaachonans a | 
vo belie smndssaeh gamete” tty ¢ met 

bot. eae pr Bone Spey eae tetissel dose 38. 


nal 


<s 


7> @hin “tt age ote ih «ayt etewv a2aaf ine 
ao tate, 
reste wo Wer ia atabes ifata-fLe dguorts 


apgetdue esteiaz notte Lage ge 6% saiolaa 


vet Jiwim ope erasee 6 yieezs: (oe 20 aun 
oevEg a tsie adekad eae 4 Lad gaan of ot pe. erat 55 
bby, atvateee jerckdd> 26) per ren ~@ ead er 
ee eee eee re ae) 
son woo tah gee os Ragatae evgiteas biove: - 
f Shiete enw ato bas) doe agtreaer 
ibont aya2 rer Ig" ows aging ‘qhory TAM sft. r0F 
aig inaeaaa, pete -Bept 26747 a3) 78v0 heen 
9 6&2 .beeoqxs gi@0.ec0n 249 26 ov giao guorg Sia 
seveb stamsedie no atege ilsa sid 
sauce ett, gee botds edt oid qeb 20 ,avtd zed 


latys afgi2 . Ree detI0s stav poliesel w7qizelg brida 


eid? wa leita ewe) oe weds bebwiner et 1eh891 sat 


i 


a 


" 


only one cue had been present on each trial. 

Day Sixe On day "six the fourth cue, the star, and fourth 
platform location was introduced. In addition this day was 
the first day in which there were two cues suspended over 
the pool on each trial. The star was the relevant cue-for 
this day, resulting in each cue being associated with the 
Diattorm v ae LOtal sof elght times’ by the end of day “six. 
Similarly each platform location was exposed an equal 
number of times to the map group. 

Day Seven. This was the second and last day in which two 
cues were present over the tank. 

Days Eight To Ten. During this period three cues were 
present on each trial. By the end of day ten each cue had 
Signalled the platform for a total of 16 trials, and each 
platform location for the MAP group had been used 16 times. 
Also each cue had been exposed for a total of 32 trials. 

Days Eleven To Fourteen. This series of days constituted 
a second complete set of trials in which three cues were 
present. Thus’ by day fourteen all cues had been relevant 
fOr "av tocal of 2+ tmials,ee and,  alleplatrorm positions, shad 
been used 24 times. 

Days Fifteen To Twenty-Two. This period consisted of two 
four day Sets Of wtriavseinewhiich all tour (cues: were.) now 
present over the tank. At the end of day twenty-two all 
subjects had received 160 trials during which all cues had 


been exposed an equal number of times. 
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Day Twenty-Three. Following day twenty-two the MAP group 
was divided into groups Ml and M2, and the CUE group’ was 
givided imtoscroups. Cl and.G2, sin a similar manner.to that 
used in Experiment One. On day twenty-three groups Ml and 
Cl received unilateral dentate gyrus stimulation (18 
microamps peak amplitude at 60 Hz) for the thirty seconds 
during the ITI between trials three and four. Following 
this the subject was immediately placed in the tank such 
that it had to swim across the tank 2e reach ithe, platform. 
Once on the platform the subject was removed and the cue 
arrangement was changed appropriately. The subject was then 
placed back into the tank, again at an entry point across 
from the platform. This was repeated until eight trials had 
been run. The remaining halves of each group were treated 
identically with the exception that they received no 
stimulation. 

Days Twenty-Four & Twenty-Five. Following the first day 
of stimulation it was discovered that little effect seemed 
to have occurred as a result of the stimulation, which was 
inadvertently of greater intensity than the 10 microamp 
amplitude used in Experiments One and Two. Consequently it 
was decided to give the subjects two days rest to recover 
from any effects of the stimulation, followed by a series 
of four bilateral stimulation days at the previously used 
stimulation parameters of 10 microamps and 60 Hz. 


Day Twenty-Six. Before stimulating the subjects again a 
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day of training was given to counteract any decrease in 
performance level due to the previous two days rest. 

Day Twenty-Seven. On this day groups Ml and Cl were 
stimulated between trials three and four. The _ procedures 
followed cofor wethese'listinmulationm?trials sare. identical «cto 
those described above. 

Days Twenty-Eight & Twenty-Nine. Due to the nature of 
the effect the stimulation was apparently having, it was 
decided to train the groups for two additional days. During 
this time the cues were removed from the tank for the MAP 
groups, while conditions for the CUE groups’ remained 
unchanged. 

Day Thirty. Groups Ml and Cl were stimulated on this 
day. For the: MAP subjects the cues were not present on 
these trials. 

Day Thirty-One. An additional day of training was given 
at this point to allow recovery from the effects of the 
previous day's stimulation. 

Day Thirty-Two. On this day groups M2 and C2 were 
stimulated, while the remaining groups acted as controls. 
Once again cues were not present for group M2. 

Day Thirty-Three. This day represented the final day of 
testing in this experiment. Once again groups M2 and C2 
were stimulated, while the remainder acted as controls. For 
this day the cues were replaced into the tank for the M2 


subjects. 
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Some elaboration on the manipulation of cues’ for 
groups Ml and M2 over these last four stimulation trials is 
appropriate. ~The results of the stimulation on group Ml 
made it necessary to investigate the effects that presence 
of the cues was having on the MAP subjects. Consequently 
the cues were removed and the stimulation repeated. In 
order to counterbalance the conditions under which the 
initial experimental groups (Ml & Cl) were stimulated, it 
was necessary to stimulate the previous control groups (M2 
G G2) first with the cues removed, and then with the cues 
present. 

To briefly summarize the procedure, rats were trained 
to use either a place or cue strategy on a version of the 
MWT which included a working memory component, namely that 
CUE subjects had to return to the same hanging cue for all 
trials ona given day, and MAP subjects did the same for 
the particular relevant location for that day. Both groups 
were trained by a method of successive approximations until 
they had become equally familar with all four platform 
locations and were at asymptote. Thus each subject was 
required to remember the platform location for each trial 
of aday, and then reset this memory with the information 


obtained on the following day. 
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Results 
Histological Results 
The procedures employed for perfusing, Pre rnes 


embedding, sectioning, and mounting the brains of the 
subjects of Experiment Two were identical to those 
described for Experiment One. Once again all placements 
were found to be extremely accurate, located on the hilus 
of the dentate gyrus, or just below in the molecular layer 
per se. Figure B in Appendix 2 provides some representative 
sections from the Experiment Three eh ares! showing the 
tip of the electrode along the hilus of the dentate gyrus. 
Note” that, Since only a single electrode was’ used, the 
electrode track is much narrower than in the Experiment One 


subjects. There were two subjects in which one electrode 


was not precisely located along the hilus, but instead was 
Located” either “in ~the™ pyramidat “layer, “or “below” the 
molecular layer. However in both cases the contralateral 


electrode placement was accurate. 

The rather high degree of accuracy concerning the 
electrode placements attests to the value of employing 
physiological recording techniques during implantation. The 
hilus of  the*® dentate -syrus “was ‘found ~to “be quite 
distinguishable on the basis of the characteristic bursting 
pattern "which occurs when Lt is’ reached. “This “technique 
makes it relatively simple to align electrodes precisely 


along the hilus of the dentate gyrus. 
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One problem was found to be present in some of the 
sections obtained from the subjects. It appeared that in 
many cases a circular area of gliosis was present along the 
electrode track or at its tip. The last sections shown in 
Figure B in Appendix 2 show some examples of this gliosis. 
It is possible that these areas were due to infection. 
Although the electrodes were immersed in an alcoholic soap 
solution prior to being implanted it is possible that they 
may have come into contact with the non-sterile edge of the 
drill hole when being lowered into the skull, or possibly 
some other source of contamination was contacted prior to 
implantation. 

Whatever the cause, this discovery necessitated some 
post hoc analyses of the data to determine the degree _ to 
which the presence of infection affected the acquisition 
performance of the subject. The analyses were carried out 
as follows. First the MAP and CUE groups were divided into 
three subgroups according to the extent of the infected 
area found in each. The acquisition data for each trial 
over the first four acquisition days (sixteen trials in 
all) was then analysed using an analysis of variance with 
strategy and extent of infection as between subject 
variables and days and trials within days as within subject 
variables. A significant strategy by infection interaction 
was found F (2,23) = 4.41, p < .02 and the interaction is 


shown,. in..graph,.A .of, Figure 13... Jt.can be seen that, the 
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distance swum increases as the extent of the infected area 
increases. This finding suggests that the presence of 
infection produced some initial impairment of acquisition 
for the MAP ~-group. To determine the longevity of this 
effect an identical analysis was performed using the data 
from days seven and eight of the acquisition phase. No 
significant interaction involving the infection factor was 
obtained from this analysis and _ the non-significant 
Strategy byntantection*dinteractions fromthisypartinof the 
data is shown in graph B of Figure 13 for comparison. It 
can be seen that the differences have disappeared by day 
eight of the twenty-two acquisition days. This latter 
analysis suggests that the effect of the infection on 
acquisition had been eliminated well before the stimulation 
trials started. However, identical analyses were performed 
using the data from the first two bilateral stimulation 
days and the last two stimulation days. The non-significant 
Strategy by infection interactions obtained from these two 
analyses are presented in Figure 14, where graph A is from 
the first two stimulation days and graph B is from the last 
two.) in | both cases, it can be-seen that there is, dattte 
difference among the the infection groups, and in fact the 
trend toward increased distance with increased area of 
infection ie reversed in graph B. Once again no 
significant effects were found which involved the infection 


factor. Lastly, a Similar analysis was done on a) second 
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Fagure 13. 


Graphs Of The Strategy By Infection 
tnteraction For Days 1 Tor4 AndyDays"/ And 
Eight Of The Acquisition Phase. 


A - Graph of the significant strategy by 
infection interaction obtained from the 
EVest Lowy acquisition days. Note that the 
HAP” group, is most affected by the ~extent 
of vithe inftectaon,. while the CUR .croup 
shows’ little change over all levels of 
infection. 


B - Contrasting ography) of the non- 
Significant strategy by infection 
interaction) ‘obtained *-from-data fowe days 
seven and eight. Note that the overall 
distance is much reduced from Graph A, and 
that no difference is present between MAP 
and CUE groups. 
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Figure 14. 


Graphs Showing The Non-Significant 
Strategy By Infection Interactions 
Obtained From The First Two And Last Two 
Bilateral Stimulation Days. 


A - Non-significant interaction from _ the 
LitStetwo stimulation days. Note: that “in 
Doth, “A and B othe scale of the ordinate is 
different from Figure ?. Also note that 
the “MAP group values are consistently 
higher in both A and B, due to the effects 
or stimulation, 


B - Non- significant interaction from the 
last) two stimulation days. iWote that. the 
curve. fora the MAP Secroup, Giundicates a 


reversal in the previously seen (Figure ?) 
trend fom “distance to anerease wateh “thie 
size of the infected area. 
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dependent variable which was of importance during the 
initial acquisition days. Although there was a strong main 
effect of strategy on the incidence of rearing, there were 
no effects involving the infection factor. 

These findings, plus the finding that only the MAP 
subjects were affected, while both MAP and CUE subjects 
showed infected areas, suggest strongly that the 
impairments found during stimulation trials were due to the 
stimulation and not the presence of infection. 

Finally it must be admitted, though, that the presence 
of the infection could have influenced the extent of the 
impairment produced by the stimulation. This issue will be 
discussed more fully in the Discussion section. 

Consistency Of Stimulation Effect 

Table 4 presents a summary of the consistency with 
which the stimulation produced impairment, in the MAP 
subjects in Experiment Two. The method of determining 
whether impairment has occurred was identical to that for 
Experiment One. It can be seen from the table that the 
overall average percent of trials showing impairment is 
again. quite: highs for both groups. leh ieee Vesiee) whiny tivo pete 
experiments there was only one subject which did not’ show 
any impairment following stimulation. Thus this 
information, combined with the accurate placements found in 
these subjects, strongly invites the conclusion that low 


level ‘stimulation of the dentate gyrus in rats ‘severely 
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Table 4. 


Summary 
Trials 


Of The Proportion Of Stimulation 
In Experiment Two In Which Ml and 


M2 Subjects Showed Impairment. 


ee, 


GROUP 


Ml 


M2 


SUBJECT 
1 


Zz 


STIMULATION DAY 


UNILAT BILA 
1 1 
YES YES 
YES NO 
YES YES 
NO YES 
YES YES 
YES YES 
YES YES 
YES YES 
YES YES 
PERCENT 
YES 
YES 
YES 
YES 
YES 
NO 
YES 
YES 


PERCENT AVERAGE.... 
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YES 
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disrupts their ability to navigate in a familiar 
environment. 
Behavioral Results 

Rearing. Figure 15 shows the mean number of rears’ on 
Saem trial “fore the MAP and CUE groups) for the <first 12 
trials of acquisition training. It can be seen ‘that the MAP 
group reared consistently more over these trials, as graph 
B “in Figure 4. shows for Experiment One. It is also worth 
noting that the maximum figure reached by the CUE group is 
five rears, while most remaining trials for this group show 
only three or four rears. An overall analysis of variance 
showed the main effect of strategy to be highly significant 
Pai 2 4) at loy4 oy p< OOK, 

Swim Distances During Acquisition. Figure 16 shows’ the 
initial acquisition *curveiasor bothitgroupsitover «thee first 
four .trial days ClO tritele)s, ~The freure shows “the mean 
distance swum by each group on each trial, with each day 
delineated by a vertical dotted line. The reader is 
reminded that conditions for these four days consisted of a 
single suspended cue being present for the CUE group, and 
one of two possible platform locations being used for the 
MAPSoroup. “Ehe figure reveals an overall simiterity of the 
Curves, with the exception of the peak on the first trial 
of each day for the MAP group. Excluding these trials there 
was no signaficant main effect for strategy over these. 16 
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Figure 15. Mean Number Of Rears Over The First Twelve 


Trials Of Experiment Two. 


As was the case in Experiment One (see 


Figure 4) the MAP group reared 
consistently more during the early 
acquisitions trakes;, and was still quite 


higher than the CUE group by triad hi2Z- 
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Figure 16. Mean Distance Swum By Both Groups Over The 
First Sixteen Acquisition iriais In 
Experiment Two. 


It can be seen that the acquisition curves 
for “both groups are quite similar, with 
the exception that the MAP group shows a 
dvstinct (peakson the first trial of “each 
day; ‘This ‘ims “due*to the fact. that the 
plattormn location was)changed daily for 
this group, while the cue group had simply 
to follow the single suspended cue present 
on these four-days. "In -spite "of ) this, 
though, both groups show rapid acquisition 
of the task over these trials. 
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Unilateral Stimulation. Figure 1/7 shows the results of 
the, unilateral “stimulation given to groups Ml and M2 on 
trial 164. The graph shows the mean distance swum for all 
groups on each trial. Immediately following stimulation 
there appears to be an increase for group Ml (but this’ is 
non-significant) while group M2 remained consistently lower 
for all remaining trials: In contrast no such peak appears 
for the group, Cl.» and at is consistently lower than group 
C2. The overall analysis of variance, however, revealed a 
Hotel Lect mormerrategy yn Vl 32) =. 12-02 p< 002 but: no 
overall main effect of stimulation for this day. 

Bilateratmotinwhatwon.waA, total iof fouwnadays-iof ibillateral 
Stimulation were given, such that each group’ received 
stimulation. “for; two “consecutive days, “and “acted as a 
control for twos consecutune days.) The ‘results: -of the 
stimulation were that both groups Ml and M2 were disrupted 
following stimulation, while the stimulation had no effect 
on groups Gl and C2. Figure [8 presents the significant 
three way stimulation by strategy by trials interaction 
Obtained. From tnese. LOUD days. of Stimulatrom Erials Fe Gls, 
Fo2 12695. 2p < 05. Thewtigure clearly (shows that groups 
Cl and C2 (closed and open circles respectively) showed no 
effect of the single stimulation given prior to trial four. 
Not "only is there no peak in the graphj after this! point, 
but both groups show remarkably similar mean distances 


throughout the graph. Also, if anything, they are slightly 
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Figure 17. Mean Distances Swum BY All Groups On The 


Unilateral Stimulation Day. 


The graph shows that the swim distances 
were quite variable on this day for all 
Sroups. LEnbis Of anterest to note ithat 
foliowing stimulation (after trial 3) the 


curve for group) Ml rises” sharply and 
continues to be'ihigher than group M2 
throughout the remaining prials, 


suggesting a slight, but’ Imsthenifticant 
effect of the stimulationfon, this Ggroudp. 
In contrast the curves of groups Cl and C2 
cross each other several times, and show 
no sudden rise following trial three. 
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lower than the corresponding unstimulated CUE subjects in 
the right hand graph. 

Independent t-tests were run to compare the groups on 
alee trials “following stimulation. Lee was found “that 
Stimulation of groups Ml and M2 resulted in a consistent 
disruption of performance, while the stimulation had no 
effect on groups Cl and C2. The results of these tests are 
Shown by the distribution of symbols around the points in 
the graph showing stimulation results in Figure 18. The 
reader is reminded that interpretation of the symbols in 
Figure 18 follows the same scheme as for earlier Figures. 
However the appropriate control for each stimulated group 
in this case is the curve for that same group in the right 
hand graph. Thus the figure shows that group M2 following 
Stimulation was significantly different from group M2 when 
it received etno stimulatitonn)sAsiibefone | \ethem comparisons 
between experimental (i.e., stimulated) groups are shown in 
the left hand graph. Thus group M2 was also’ significantly 
impaired with respect to group C2. Table 5 is a summary 
table of all these t-tests for trials four, five and eight. 
ites following is a brief summary of the results for the 
Da Materal. stimulation days of Experiment. Two. On” trials 
four and five group M2 with stimulation swam significantly 
further than group M2 without stimulation and group C2 with 
stimulation. However group M2 with stimulation also swam 


further than eroup Ml with stimulation, a rather surprising 
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Figure 18. 


Graph Of The Significant Three-Way 
Interaction Obtained From The Four Days Of 
Bilateral Stimulation in Experiment Two. 


The graph shows that only the Ml and M2 
subjects were disrupted by the bilateral 
Stimulation following trial three. In 
addition it can be seen that the effect is 
of longer duration in this case, since it 
io )Sti0cl -quive high onmtrials eight. “As 
expected all control groups show similar 
curves. Finally these results are based on 
data from four days cof, istiamulation, two 
for each group. 
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summary TablezFor Independent I-Tests Run 
On Selected Comparisons For Trials Four, 
Five And Eight. 


Lhe first) part of “the table concerns the 
within subject comparisons. Thus each 
stimulated group is tested against its own 
performance when non-stimulated. Thus the 
group names in each comparison are 
identieal. 
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Panding,..- Also “group Mi with stimulation was not different 
prom /sroup Mis without stimulation on trial four, although 
the two groups were different on trial five. Finally groups 
Ml and M2 with stimulation were significantly different 
from their respective controls (Ml and M2 without 
stimulation) and corresponding experimental groups (Cl and 
C2 with stimulation) on trial eight. 

The effect of bilateral stimulation seems to have been 
longer-lived than the unilateral stimulation used in 
Experiment One since a significant sharp rise on the final 
two daily trials appears in the graphs for groups Ml and 
HZ. [he corresponding” non—-stimulation- trials, “for, these 
groups show a consistently (lat graph. *ft 1S "interesting to 
compare the value on the final trial for the stimulated and 
non-stimulated Ml and M2 subjects. In contrast to the sharp 
rise which appears for the stimulated subjects, there is an 
actual decline for the non-stimulated subjects. (A similar 
pattern also appears in Figure 19 to be discussed below.) 

Finally it should be emphasized that the overall 
analysis of variance showed no main effect for days, nor 
anvestontfi cant) interactions with days, “as ™ has been “tne 
case, up ito “this point. |However in this “case «the: ~days 
factor was confounded with the presence or absence of 
suspended cues for groups Ml and M2 (see Table 3 to review 
the designs for Experiment Two). Thus the absence of 


Signitieant effects involving the-days factor indicates 
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Figure 19. Total Number Of Cues Passed Under By All 
Groups On Day One Of Bilateral 
Stimulation. 


The graph shows that following trial three 
there is a dramatic increase in the Ml 
curve which contrasts sharply with the M2 
curve. The values on /trial Veight are 
particularly striking, gsinee at, this tame 
the Ml group averaged over three cues 
while the M2 group did not pass under a 
Single cue. Groups Cl and C2 are 
consistently intermediate to groups Ml and 
M2 throughout the day. 
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that the effect of stimulation on the MAP subjects was 
constant whether or not suspended cues were present during 
stimulation days. 

Figure 19 provides some further description of the 
Stimulation effect seen in groups Ml and M2 _ following 
bilateral ‘stimulation. This figure “presents the total 
number of suspended cues under which each group swam on 
each trial of the first’ day of bilateral stimulation. The 
striking feature of this graph is the peak shown by the 
Stimulated) Ml “subjects following trial four, which is 
contrasted by the corresponding decrease shown for the 
unstimulated M2 subjects. As mentioned above the difference 
Leoemost dranacie On trial erent. “ihe total value of 23 for 
eroup Ml “indicates “that on “this trial ‘stimulated. Ml 
subjects typically visited three suspended cues before 
reachins the plattorm. Finally it is important to note that 
both groups Cl and C2 show no marked increase following 
thrall, “three. “in fact the stimulated Cl "sroup “actually 
decreases immediately following stimulation. This figure 
clearly ‘shows that the effect of stimulation was confined 
to the stimulated MAP group, while both CUE groups appeared 
to be quite similar. 

The overall analysis of variance for this dependent 
variable revealed a higenly  Ssienificant = straresy, by 
Sstimulatiom interaction Ff ©(1,31) = 7.39, Dae SOW, 


Independent t-tests were run on selected comparisons for 
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Table 6. Summary Table Of Selected Comparisons Made 
Onvslhe Firsteay Of Bilateral Stimulation 
For Groups Ml and Cl. 
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each trial following stimulation. Table 6 summarizes’ the 
results of these comparisons for trials four through eight. 
In general, the results showed that group Ml passed under 
Sihenificantlyo mone'qarcuées pathan ‘group. M2,.0on,))trials. five 
through eight. Group Ml also passed under more cues’ than 


group Cl on trials five and eight. 


Verification of Strategy Employed By Cue Subjects 


The fact that the pattern of suspended cues and 
potential platform locations was symmetrical within the 
tank allows the possibility that the cue subjects could 
have employed a simple orientation strategy to reach the 
pLabhormigan Seach  striatsiathattis, poimetead ddfecactual ly 
identifying the relevant cue for each day, and showing the 
desired win-stay working memory element of the task, the 
possibility. stexistsi that »icuearsubjectsatmay, simply sehave 
maintained a constant distance between themselves and _ the 
tank wall, such that the swim path then passed under 
suspended cues in turn until the platform was reached. In 
this case, the presence of a working memory element in the 
task would be in doubt, as would the conclusion that the 
rats were actually learning the identity of the relevant 
cue on each new day. 

This possibility made it necessary to perform some 
additional tanalysesr oncsothes data obtainedsefdrtathe cue 
subjects. Specifically the remaining videotape records for 


the cue subjects were reanalysed to obtain a raw error 
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score for each subject on each trial. Unfortunately the 
amount of videotape available during the experiment was 
limited, so that a number of earlier tapes had to be 
sacrificed’ to), record later trials =—' thus the. ‘remaining 
trials on which this reanalysis was done included the last 
three days of acquisition and the remaining stimulation and 
recovery days to the end of the experiment. Each trial was 
scored as follows. On entry facing the wall each rat’ then 
turned so that it faced the cues. (The rats exhibited a 
remarkably consistent direction of turning over trials. 
Only two of 18 showed turns in both directions over the 
trials analysed.) The initial entry point and direction in 
which the rat turned was noted. An error was scored _ when 
the swim path of the rake passed underneath a suspended cue 
which did notesignal’ the platform torsthatoday.4 I[ftthe rat 
approached a cue but did not actually pass under it an 
error’ was not* scored. Thus’it®was possible;@and} in' fact,.a 
frequent occurrence, for rats to swim a curved path within 
the perimeter of the suspended cues before reaching the 
platform. An independent rater was asked to score all the 
trials for a single day for each cue subject using the same 
eriterias The interrater reliability coefficient thus 
obtained was quite high (r = .91). 

When the error scoring had been completed, the 
analysis was performed in two ways. The first involved 


eomparing? thet rawserrortscoretfor’ each trialliwithetheserror 
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score which would be expected if the subject was employing 
the orientation strategy described above. The expected 
score was quite simple to calculate since the entry point, 
ei fection, of initialsturn, .and»,location;of,the. platform was 
RROWGehtOrekeachhetfrial. -1£ ‘the, ratyesimply,,visits «the 
suspended cues in order until it reaches the one over’ the 


DpLatiorm,..the sexpected.errorsscore|fory,that, trial.is,.the 


number. 0f» «cues; in She aE bezoreysathe s~platiorm.. For 
example, when the platform is located in the south-east 
quadrant, if the rat is placed in the water facing the wall 
atethe south entry point, and then tugns to;the,right,-the 
expected error score for that trial is three errors. (See 
Figures 20 and 21 for more examples of expected error 
scores.) The next step was to count the number of trials on 
which the observed error score differed from the expected, 
and wto, discover’ ,if theymagoritypjofrthese' trials showed 
observed scores higher or lower than the expected. In 
general there were far more lower observed scores’ than 
higher. However the pattern of the suspended cues made it 
necessary to be slightly more selective in this approach. 
It was often observed that the turn made by the rat brought 
it directly underneath the closest suspended cue. This 
meant that for those trials where the expected score was 
zero little could be concluded with respect to the strategy 
the rat was employing. The same also applied to expected 


scores of one, since the path of the rat after making its 
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initial turn would take it under the first suspended cue 
automatically, regardless of whether it was using an 
orientation strategy, or did actually know the cue to 
approach. In the latter case the most direct route would be 
Steateht under? thertinst cue. Thus itis the ‘case that only. 
those trials with an expected error score of two or three 
are of use in determining whether the subjects were using 
an orientation strategy. In this case lower observed scores 
would indicate that the rats were employing a win-stay 
strategy involving knowledge of the relevant cue for each 
trial. Thus@ethe#measure* whieh “is: oft “interest “is ~the 
percentage of those trials with expected scores of two or 
three errors on which the observed score was lower. The 
results were as follows. Group C-l1 showed lower scores on 
71 percent of these trials and group C-2 showed 67 percent. 
in. wiew of %the "fact “thattvery Slew*oh the triravs)*should 
differ from the expected score if the subjects used an 
orientation hypothesis, these rather high percentages 
Support the conclusion that the subjects had learned which 
cue to approach. A further point is that the above figures 
algo ancludewrirst daily trials. On>these trials. when. the 
subjects had “not discovered which, cue “sirgnalled the 
platform, use of an orientation hypothesis would be an 
optimum strategy, hence on these trials the observed and 
expected scores would be more likely to coincide. For this 


reason, the results were corrected by removing all _ the 
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Figure 20. 


Sample Swim Paths Produced By A _ C-l 
Subjects. 


The figure illustrates the performance of 
a C-2 subject over an entire series of 
trials startine with «the. final three 
acquisition days. The So kid line 
represents theJswim.path for fthat Jtrial J 
The dotted “Vine in the ‘topverght., trials 
are swim paths expected from rats 
employing an orientation strategy. Note 
the dramatic reduction in errors following 
thes first tr tad, 

The broken lines represent the pathways 
travelled following stimulation of the 
hippocampus. Note that stimulation has 
little disruptive effect. 
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Figure 21% 


Sample Swim *Paths * Prodrced*)By/ \A° ~C=2 
Subject. 


The figure illustrates the performance of 
a typical C-l subject over an entire 
Series “of trials starting with the “final 
threes \acquisrtion=~days. 7 Thie*solid Line 
represents the swim path for that trial. 
The dotted “Line iIn-the top’ etght traals 
are swim paths expected from rats 
employing an orientation strategy. Note 
the dramatic reduction in errors following 
the first traad.. 

The broken lines represent the pathways 
travelled following stimulation of the 
hippocampus. Note that stimulation has 
little disruptive effect. 


a Giuwapilin Ree 


e\5i\te af 34D. ati 
feolt 44% G01" & 
anil Witee oft 
i219 Sens 185 
eve Ti IPRA i 

= 0 ae eared ca 

Stok P 

fil thet 7 Nee at 


wilt ne “e — 


7 
a 


* 
i 


PAE 
x2) 


- 


¢ > 


aon 


oe 


me! 
es 
f f 


“1 : 

4 - 
*~ * 
——— 


. 
a ' deol } }{ f \ Fm al He ; ‘ | 
| a: f a" AN /\'3 r, ks 
- ; i et eee ia cue 


Prrse trials trometne analysis €of course, if a first trial 
happened to have a lower observed score anyway it was still 
eliminated along with that instance of a lower score). The 
corrected results were 80 percent for group C-l and /76 
percent for C-2. Thus it appears that on over three 
quarters of all the relevant trials the cue subjects did 
not show the expected number of errors with respect to the 
orientation hypothesis. Figures 20 and 21 illustrate the 
swim paths of a C-l and C-2 subject respectively. It can be 
seen that in most cases the swim paths follow an 
orientation strategy on trial one. Following this, the 
number of errors declines such that the paths deviate 
markedly from the expected path (shown on the top set of 
trials, in;each figure). 

The second approach centered on the observation that 
if rats were learning the identity of the relevant cue on 
the first trial and then displaying a win-stay strategy on 
subsequent trials, there should be a reliable decrease in 
raw errors following each first daily trial. Furthermore, 
the error scores for all the remaining trials should be 
consistently low. Thus separate analyses of variance were 
run on the “error scores” for acquisition days, C-1l 
stimulation days, C-2 stimulation days, and recovery days. 
In order to eliminate variability due to comparing 
ditterent ™mLength trials 'Ci.e.; long versus’7 short with 
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Summary of 
Score Analyses. 
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Anova Results For Raw Error 
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Figure 22. 


Graphs Showing Mean Errors For All Cue 
Subyecis, Trials: Durine; Acquisition, 


A. The graph shows mean error performance 
on short trials collapsed over two days 
Note the sharp decline in errors following 
trialone:. 


B. The graph shows mean error performance 
tore sLonge. trial siduring othe tinal day» ot 
acquisition. A similar decrease following 
trial one is seen in this graph. 
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Pagure 23. 


Graphs Showing Mean Error Performance For 
Groups C-l And C-2 On Stimulation Days. 


A. Graph shows results for group C-l. Note 
the decrease following trial one and _ the 
absence of change following stimulation. 


B. Graph shows the results for group C-2. 
Note the same features as above. 

The stimulation appears after trial two in 
these graphs since only long trials are 
included in the analysis. 
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3 A 
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Errors 
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1 2a0T 3 4 5 6 7 
Trials 


similar length trials were included in the analyses. Thus 
the three acquisition days consisted of two days in which 
the first trial was short, and one day where it was long. 
Thus the analyses compared the scores on the first trials 
for two acquisition days with the remaining short trials on 
those days. The analyses included a planned orthogonal 
comparison to discover differences between the first trial 
and the remaining trials. Table 7 provides a summary of the 
F-values obtained in each analysis and planned comparison, 
for Geach seti-of trials analysed, It can be seén that in 
every case a significant main effect for trials and a 
Significant planned comparison was obtained. Figure 22 
shows graphs of the mean errors made by all cue _ subjects 
for all acquisition days. (Remember that two analyses were 
run since one of these days began with a long trial.) 
Figure 23 provides graphs of the mean errors produced for 
groups C-l and C-2 stimulation days. Note the consistently 
lowers “errors. following ~trial one in “both figures. ~The 
larger number of trials plotted in Figure 23 reflects the 
fact that stimulation trials were mostly long ones. Note 
also that following stimulation the error scores do not 
change significantly, a finding which agrees with the 
results for the distance analyses presented earlier (see 
Figure 18). This strongly suggests that the subjects were 
in fact learning the identity of the relevant cue on the 


first trial and displaying a subsequent win-stay strategy. 
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Further it suggests that the stimulation trials produced no 
impairment in the ability of the cue subjects to continue 
to employ a win-stay cue strategy involving a working 
memory component. 


Discussion 


it' is interesting to note that “the pattern of rearing 
Giang Initial Wacquisftion trials was" “quite ‘similar “in 
Experiments One and Two. In both cases the MAP subjects 
reared consistently more once the platform had been 
reached. This finding supports the conclusion proposed 
earlier that the CUE subjects quickly realize that the 
suspended cue signals the platform, hence they do not 
require an extensive knowledge of the external fixed 
environment. 

Before discussing the present results of the 
stimulation Erias:, perhaps a brief review of the 
predictions underlying the design would be useful. The 
design included a working memory component common to. both 
major experimental groups, namely the subject was required 
to remember, during the seven remaining daily trials, which 
was the relevant cue or platform location, once it had been 
discovered. According to the working memory hypothesis all 
stimulated subjects, regardless of the strategy they were 
required to- use, should be impaired by electrical 
stimulation of the hippocampus. The spatial map hypothesis, 


however, predicts that only those subjects which employ «a 
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Spatial strategy to solve the task will be disrupted by the 
stimulation, thus in this case only the MAP subgroups would 
be expected to show impairment following stimulation. As 
the results of this experiment clearly illustrate, the 
Spatial map hypothesis prediction is confirmed. Stimulation 
reliably produced severe disruption of MAP subjects ability 
to locate the platform, while the perfomance of the CUE 
subjects following stimulation appeared unaffected. 

In order to state conclusively that these results 
Simultaneously strengthen the spatial map hypothesis and 
weaken the working memory hypothesis it is necessary to 
demonstrate that the MAP subjects were relying solely on 
Spatial “strategies to spemtorm the. Morris) water task, 
Confirmation that this sis) thes case comes, from two 
independent sources. 

Birst the probe trials with the cheesecloth tent in 
Experiment One confirmed that the MAP subjects required the 
presence of fixed external cues to locate the platform. As 
far as possible the procedures used in dealing with the MAP 
subjects in Experiment Two were identical to those in 
Experiment One so that it is more than likely that the MAP 
subjects were forced to rely on a similar spatial strategy. 
The fact that the suspended cues were randomly located on 
each trial further insured’that MAP subjects could not use 
these cues to locate the platform. 


Second, the fact that identical results were obtained 
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for the stimulated MAP subjects on each bilateral 
Stimulation day, regardless of whether the suspended cues 
were present during these trials, strongly suggests’ that 
the MAP subjects were employing spatial strategies 
throughout these trials. 

ft | Ls* important’ tot comment? on: one aseete of Ptihe 
procedure used to train the MAP subjects. In retrospect, it 
is perhaps unfortunate that the platform locations for the 
MAP subjects were identical to the locations of the 
suspended cues for the CUE subjects. This lead to a 
Situation in which a MAP subject which had learned that the 
platiorm could!) bet intone® of four® locations. on: *the®’ first 
trial®®ofe any day’, could’ locate’ the’* platform’ by® “simply 
Swimming under each of the suspended cues in succession. 
Thus it became difficult to tell whether this searching 
behavior reflected a tendency on the part of the MAP 
subject to simply follow the cues or to actually visit the 
locations in which it previously found a platform. As_ the 
trials without suspended cues later showed, the cues were 
not necessary for the MAP subjects to find the platform, 
sugcesting+ that ‘they had@=*tm-fact)~+Vearned* thevy platform 
locations. However, it is clear that the simple change of 
Spatially separating the platform locations for the MAP 
group and the cue and platform combinations for the CUE 
group may have been a desirable modification. 


Off perhaps even greater’ importance is the further 
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problem that such a design permitted the possibility that 
the CUE subjects could employ a_e simple orientation 
hypothesis *to\.. perform the, task..From.the;perspective-of the 
CUE subjects alone, clearly a better approach would have 
been to make the pattern of suspended cues totally randon, 
with no fixed number of potential locations. However such 
an approach would not have allowed comparison of MAP and 
CUE subjects performing under identical stimulus 
conditions, since the working memory aspect for the MAP 
subjects required four fixed potential locations from which 
to choose. In this regard, the last section of the results 
section strongly suggests that the CUE subjects were in 
fact employing a win-stay strategy. The consistent decrease 
iny.errors ,fLollowing .thepfirst +daily. trials iandstherslarge 
percentage of trials where the observed error score was 
lower than the expected both provide evidence in support of 
this jconelusion. 

Returning  to,)»the.MAResubject gresults, foalgpoint {osk 
further interest relates to the symmetrical nature of the 
suspended cues and potential platform locations. This is 
the question of why the stimulation-induced disruption of 
groups Ml and M2 was substantially smaller in Experiment 
Two than in Experiment One. The peak mean value reached in 
Experiment One (see Figure 11) was well over 1000, while 
the peak mean value for Experiment Two was only 400, in 


spite of the fact that bilateral stimulation was used , in 
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Experiment Two. 

The explanation for this finding is to be found in the 
behavior of the stimulated MAP subjects in Experiment Two. 
It was noted that when introduced into the water sane 
subjects had a distinct preference as to the direction in 
which they turned to begin swimming away from the wall. In 
non-stimulated subjects this turning behavior made little 
difference to the speed or distance covered in reaching the 
platform. Thus if a subject's preference was to turn right, 
and it was placed in the tank with the platform close on 
the left when the subject was facing the wall, it would 
Simply turn right and then immediately head for the 
platform. The behavior of the stimulated MAP subjects 
usually contrasted sharply with this, and it is here that 
the difference with the MAP subjects in Experiment One may 
also be found. In this case bilaterally stimulated subjects 
would simply visit each potential location in sequence, 
Starting, Wilt, stnat Closest sto, !ts positon following ies 
turn to face the center of the tank. This tendency to visit 
the locations in sequence usually led to the subject 
finding the platiorm rather quickly, although Dy a, cireulanr 
route. Thus the scores of stimulated MAP subjects, although 
they were significantily*higher than-the Gontrol”™ subjects’, 
were still much lower than the scores in the previous 
experiments. Gt is important to point out that” there were a 


few stimulation trials in Experiment Two where the MAP 
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subjects would swim around randomly in the tank, as was the 
case in the previous experiments, but these were in a 
Giestinct iminordt y < 

The discovery of the significance of the turning 
preference led to a simple change in procedure _ to reveal 
the effect of the stimulation on these subjects. Following 
stimulation subjects would be placed in the tank at either 
of the two distant entry points, and the direction they 
turned was noted. The remaining trials alternated between 
these distant entry polintesoun til, the final satrial.<« +At, this 
point the subject was placed at an entry point close to the 
platform but with the platform on the side opposite to the 
subjects preferred turning direction. The subject would 
then invariably turn away from the platform and swim to 
each potential location until it reached the platform. Thus 
the final trial always poneteead of a tong circular pathway 
for the stimulated subjects during which they passed under 
several cues before reaching the platform. In contrast, the 
control subjects... also placed im. the tenkijat ansentry, point 
which was close but on the opposite side simply continued 
tier petunn, unite.) lined supawitth,. theo plattonm. andy swam 
dinec tly. to .it, without, passing, under ,any, cues y,this is sthive 
reason for the striking difference in cues passed under 
seem inwEigure bo. panticulanly.on, tydiad. p,etahet . 

This, pattern of swimming by the stimulated MAP 


subjects suggests some. interesting possibilities with 
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Feapect to the eftect.of the stimulation... First it is of 
importance to note that the bilateral effect was much 
longer lasting than the unilateral effect. Second the 
circular path shown suggests that these subjects had to 
resort to a different strategy to solve the task, since the 
spatial strategy was disrupted. Phere 2s ian distinct 
possibility that subjects had learned a simpler non-spatial 
strategy, one made possible by the conditions present in 
the tank. Specifically subjects could have employed the 
Strategy of swimming around the circumference of the tank 
while remaining six to ten inches from the wall, since the 
subject's previous experience has been that the platform is 
invariably located at this distance from the wall. The 
circular swim path in the preferred direction supports this 
conjecture, since the strategy requires a regular path for 
efficient operation. 

Some independent support for this conclusion is’ also 
available. First lt is significant that the same circular 
Swim paths were seen when stimulated MAP subjects were 
given trials with no suspended cues present. This suggests 
that the suspended cues themselves were not responsible for 
the circular swim paths. Second O'Keefe and Nadel (1978) 
suggest that subjects deprived of the hippocampal mapping 
system “can still use orientation strategies in which the 
subject maintains the position of its body with respect to 


a. given’ landmark, or target. In) this\-case theytanget would 
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Debethe, tankmewallevand (the. strategy, would.,.consists {of 
maintaining the set distance from the wall of the tank. 
Thus O'Keefe and Nadel (1978) would have no problem with 
this postulation that the MAP subjects were employing an 
alternate strategy when deprived of the spatial strategy by 
stimulation...) Finally. Sutherland, (1983),has:reported, that 


hippocampally lesioned rats appear incapable of learning to 


use a spatial strategy to solve the Morris water task but 
often do appear to develope precisely the same orientation 
strategy as has been suggested above. 


Problems and Ambiguities. Although the results of 


Experiment Two appear to be relatively straightforward, 
there are some possible objections which should _ be 
discussed. Primarily these, relate tovthe-fact «that: the 
experimental design and procedures employed were quite 
complicated, and as such, contained some potential sources 
of ambiguity concerning the results and their 
intéspretation. Ltwiswthisefact, coupledywith Ehegexistence 
Ofaya, arelatively)iold body of -pliterature pconcerning, the 
discriminative capacities of rats, which necessitates this 
section of the discussion. 

AS substantial» amounteofsresearcheongthe, capacity of 
the rat to discriminate stimuli and subsequently show good 
one-trial reversal has been published. Studies have shown 
that. rats can learn,.to discriminate between two, stimuli 


which differ on at least one dimension, such as brightness 
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(CGashley, 1930 ‘Lashley ; 1938; Bitterman & McConnell; 1954: 
MacCaslin, 1954; Gonzalez and Shepp, 1961), size and shape 
(Wodinsky, Varley, & Bitterman, 1954; Bitterman, Tyler, & 
Elan, LO Sry and pattern orientation (Bitterman & 
McConnell, 1954; Sutherland, 1961). However there appear to 
#2 very few studies which report.on the ability of the rat 
to make a simultaneous discrimination amongst four distinct 
stimuli. Indeed, those studies reporting acquisition of 
@2scrimination “or tire basis “of -"visual”’*cues* “generally 
involve VOnGe pUrdinine perrodsys sro Only "two. stimulus 


discriminations. Furthermore, when the experiments involved 


subsequent reversal procedures the performance level 
weualty declined *initialiyand,* even at “asymptote; "still 
showed definite errors in successive reversals, especially 


sO rin’ one “trvalr reversal. paracioms. "*rhus, "since this 
literature reports a limited capacity of rats to learn 
successive discrimination reversal with only two. stimuli, 
it follows that even more errors, or perhaps even complete 
failure to acquire the _ task, might result from an 
experiment requiring simultaneous discrimination of four 
visual objects and subsequent one-trial reversal. 

In defence of the present results two points may be 
made. First the majority of the early studies employed non- 
correction procedures in which the subject was not allowed 
to experience a reward if it made an initial wrong choice. 


Im" -contrast, under the present conditions, “each trial 
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eould.jein factGaebe? tegarded,assarseries<ofjup: tow, four 
shorter; (itrcdalsfesieach ginvolving-ssthes,use of correction 
procedures. If the rat makes an error on its first choice 
in» the,.water? maze,. it.is then-),aimmediately..allowed to 
eerrect. itself, andi try: again.until, it locates, the, platforn. 
Each subject could then be considered to have received a 
substantially greater number of training trials involving 
correction procedures (i.e., the number of acquisition 
trials given times the total mistakes made during those 
ttials).. Hence 4 the ,~validity-of .directly.,comparing. the 
present results with the earlier studies mentioned above 
may be called into question. Second the reader is reminded 
that the majority of the early studies cited above involved 
Stimuli which differed in only one dimension. In contrast 
the stimuli used in the present study were chosen 
specifically to be highly distinctive and distinguishable. 
Thus the experiment contained a procedure which addresses 
this. issue... Altheugh thesytwo,points,.~raised above» are 
important, there remain additional issues to be raised. 

The major problem with the experimental design has 
already been mentioned, namely, the fact that the stimulus 
objects were symmetrically placed in the pool, allowing the 
subjects. to locate the, platform quite quickly -by simply 
visiting each suspended object in turn. This arrangement 
does tend to introduce an element of ambiguity into the 


experiment. This ambiguity derives from the. fact that 
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subsequent scoring of errors for each CUE subject involved 
an certain degree of arbitrariness, as did the 
establvshment*tof"“raitial ‘criteria for “assigning an” ‘error. 
On the one hand, it is true that the analysis performed was 
reliable, given the chosen criteria, and that the results 
were statistically significant. On the other hand, if the 
criteria for scoring an error were to be relaxed slightly, 
it is highly likely that the tendency of the rats to swim a 
curved swim path would result in much larger error’ scores. 
tite, “Tieract, Sra Mayor soOurceysoL the ambigurty which “rs 
present in the data. 

imeaddittion, the camera -used to crecord ‘the trials was 
praced ~ at.” "a" "slight vargle abeve the” "pool; “rn “order to 
encompass the whole pool in the picture. This also led to 
probtens /inwassessineg "errors, sinee Lu was O1cter diffiicrit 
to tell whether the subject had passed directly under’ the 
suspended cue in view of the camera angle involved. Thus 
atehough* the™* results *"ot Pthe terror @analysis "appear “vo 
indicate a high degree of learning on the part of the CUE 
subjects, the original means of obtaining the error scores 
require that these results be viewed with caution. 

Some alternative explanations also bear mentioning. If 
one takes the approach that the error scores were in fact 
valid, and that the subjects were learning something, then 
the ‘possibility arises that ‘the subjects “were employing 


meidental "cues-eto locate the” platform, rather! sthan 
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actually discriminating amongst the suspended objects on 
each trial, 

One possibility which arises is that the movements of 
the experimenter during the trial might provide a signal to 
the subject where the platform was. That is, after placing 
the subject in the pool, perhaps the experimenter was 
Movina tosthe yieinity, of, the platform too quickly, in -an 
attempt to remove the subject soon after it reached the 
platform. To investigate this possibility further the tapes 
were reviewed once again and scored according to _ the 
movements of the experimenter outside the tank. Each trial 
was placed in one of three categories; (1) no movement 
until the subject reached the platform, (2) clear movement 
in the direction of the platform before the subject reached 
it, and, (3).impossible to ascertain,the movement..on, the 
Videotapes etorg thatetrial.sslhicy tatters catesory was .only 
rarely used. In the vast majority of trials it appeared 
that this alternative was not viable. It was clear that the 
usual pattern folowed by the experimenter was to release 
the rat and then step back from the tank and remain. still 
umtilawat ~least. ther rat was pheaded for... orwewas, in, the 
immediate vicinity of, thes plattorm. ERAS aro 1 only 
approximately 10 2% of the trials was there clear movement 
before the subject had reached the platform. However this 
igeanot sit ictentyto, discount this, yalterznative ,entinely, 


forwathe possipilityystilleremains,thatethe subjects: could 
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have been perceiving some subtle signal given by the 
experimenter, Which rehe camera could not -“prek»*up?- >This 
possibility must be allowed since in most cases’ the 
assessment of movement was made on the basis of only the 
experimenter's legs being visible in the videotape. This 
then US **anouver "source *oOr*"ambreurty= whieh “*nust be 


considered in evaluating these results. 
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Another problem became apparent through repeated 
analysis of the videotapes. One unfortunate result of the 
randomization procedures concerning the entry point and 
practorm “Location, = was¥’ttat the vast "majority “of +*trirals 
were ones in which the expected error scores’ mentioned 
above were either zero or one. That is the platform was in 
ertiere the %first "or =second ~ Nocatron. In “the preferred 
direction of turn on these trials. As has been pointed out 
before, it is impossible to distinguish between use of an 
orientation hypothesis and true discrimination learning as 
far’ as* these®trials-are”"conéerned,” “Hence the“*numbér “of 
trials* whieh "can “providessuch*intormation is’ *drastical by 
reduced as aresult of these randomization procedures. 
Relevant to this point a further assessment of the percent 
of trials on which the observed error scores was less’ than 
the expected error score was performed. In this case, only 
those trials on which the expected error score was two or 
more were considered. The results were interesting, 


artnougn not conelusive. “Usine this approach, “=the =values 
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for the number of trials on which the observed error rate 
was less than the expected error rate declined to between 
25, 4: to 40%, . substantially less than the high percentages 
obtained with all trials considered. Thus on those trials 
on which the orientation and cue hypotheses could. be 
readily distinguished, there were still a relatively large 
number of instances where the observed error score was 
lower than the expected. It should also be pointed out that 
on the initial assessment including all the trials the high 
percentages obtained reflect many trials on which the 
expected error score is one and the observed is zero. Thus 
these trials may also be regarded as ones on which 
orientation and cue hypotheses may be distinguished. Thus, 
although the evidence is not conclusive, these analyses 
provide some good support for suggesting that the CUE 
subjects did learn the task as intended. It is unfortunate, 
though, that the randomization procedures employed, 
resulted, in* asweducedanumber oferuseful ectrials nim ithe 
overall assessment of the performance of the rats. In 
future experiments care should be taken to avoid this 
problem. 

One other problem concerns the lack of videotapes of 
early acquisition trials when shaping was occurring. These 
would have been most helpful in assessing the type of 
strategies developed by the subjects while the problem 


consisted of only two or three suspended objects. As it is 
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one can only speculate as to what they may have revealed. 

Finally the tapes were assessed one last time to’ see 
if. any evidence could be obtained to suggest that, on the 
firsts daily trial: “the CUE subjects typically approached 
the suspended object which had been relevant on _ the 
previous day. Such a finding would offer support for the 
conclusion that the CUE subjects had learned the nature of 
the relevant object on the previous day. Here the evidence 
Pee Gutte.. CLOAT .sCiLt ; in that there was no discernable 
tendencys Lo. this. dinection.J/y Onethe first trial subjects 
were much more likely to simply visit objects in sequence, 
than they were to make a special approach to the previously 
relevant object. Unless one assumes that the CUE subjects 
had, in fact, learned to reset their working memory over 
each day, this finding weakens the conclusion that the CUE 
subjects had learned to discriminate the relevant object on 
each new day. 

Thus it can be seen that there are several problems 
which prevent the unquestioning acceptance ot the 
conclusions drawn fromvthi s istudy. set) is, clear’ that, before 
unequivocal conclusions may be drawn, further research 
which eliminates these sources of ambiguity must be 
performed. At the very least the type of follow-up study 
required must eliminate the symmetrical arrangement of the 
suspended objects, and involve a non-arbitrary means of 
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randomization procedures needs to pe_dealt with. Finally it 
appears to be of great importance to ensure that clear 
videotapes of all trials are available for subsequent 
analysis. 

In conclusion, it appears that although these sources 
of ambiguity can not be denied, the remaining results of 
the various analyses’ done, Spieepornt » toward the 
eonclusion that the CUENSsub jects “did, “in “fact, “learn *the 
task assigned to them. While the presence of ambiguity must 
forestall “any” attempt’ to make ‘firm conclusions “to” this 
effect, the weight of the findings provides strong 
encouragement to perform follow-up studies which are not as 
subject to ambiguity, in order to verify the conclusions 


which the present study invites. 
General Discussion 


Taking the results from both experiments as a_ whole, 
it is clear that the spatial map hypothesis of O'Keefe and 
Nader "(1978S)" 1s ‘strongly “and” consistently supported. 
Experiments One and Two showed that animals forced to 
enploy "a “spatial strategy to solve the task are severely 
impaired by brief low level unilateral electrical 
stimulation of the hippocampus. Further the impairment is 
transient, allowing recovery effects to be demonstrated 
within the Series of datly trials given. “In-contrast, tire 


animals forced to use a guidance strategy consisting of 
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approaching a single cue did not show any disruption in 
pears tabilitys)to| reach, the... pdatform,,. efficiently. Such 
results are in agreement with the O'Keefe and Nadel (1978) 
position,, since O'Keefe and Nadel (1978) postulate that 
subjects bereft of a functioning hippocampus should still 
be able to employ a simple guidance strategy. The 
importance of the present results is that they demonstrate 
disruption of a highly learned spatial task through 
stimulation techniques. in ,additdone) they), (show that 
stimulation immediately prior to performance produces a 
severe performance deficit. Previous to these findings the 
vast emagoraty. of studies: involying. stimu ation. -to. «study 
spatial functions of the hippocampus have employed a 
consolidation paradigm in which stimulation was given at 
varyingeaintervals. <after). training. .and,| testing,» was.,not 
carried out until hours or even days had passed (Kesner, 
1980). Thus very little research has been reported on the 
effects of sdisruptiongsotes bipppcamnpad, neural, activity 
immediately before performance of the task in question was 
tested on Lhiss epoants willyyibesyreturnedtito Later, in “tie 
discussion. 

Therés isywonenstudy bys Odton (1973 )ewhichlis *relevant 
tore tha sia parte ofa then discussion... Oltonyg-tradaned ratis~yito 
criterion in the eight-arm radial maze and then gave them 
four choices after which time they were confined in the 


center of the maze for about five minutes,during which time 
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some rats received hippocampal stimulation sufficiently 
strong to produce’ seizure afterdischarges. When the five 
minute period had elapsed, the subject was released and 
allowed to make further choices. The results were that only 
on stimulated trials did subjects enter any of the arms 
peevtously "chosen ron the anitial four “choices. ~‘This * “study 
is interesting in’ that ‘it represents an intermediate 
position between a consolidation paradigm and a true 
performance paradigm. On the one hand the subjects would 
certainly have still been under the effects of the seizure 
level stimulation, but on the other hand the stimulation 
was given soon after the information which was crucial to 
the future performance of the rat had been obtained, ie. 
tie @ arms "chosen tring the irst “four "chorees. ~ Tirirs “1't 
qualifies as a consolidation study as well. Unfortunately 
it is consequently impossible to determine which aspect of 
the design was primarily responsible for the results. Also 
it must be remembered that the stimulation used was quite 
intense, which raises the possibility that extrahippocampal 
structures were undoubtedly involved. In any case, the 
results may be regarded as evidence of a spatial deficit 
since rats apparently entered arms randomly following 
stimulation, although Olton's own interpretation involves 
the working memory hypothesis. 

It should be mentioned that, in a sense, the present 


studies may be viewed as involving consolidation paradigms. 
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Subjects receive a single learning trial each day in order 
to discover where the platform is located for that day. 
Since stimulation is given two or three minutes’ following 
this trial the claim may be made that the experiment used a 
consolidation paradigm. Consequently the information in the 
working memory store may not have been consolidated, 
resulting in disruption of subsequent performance in the 
MWT. There are two main points to be made at this point. 
First the time span of two to three minutes is’ generally 
considered to be long enough for consolidation to occur 
unimpaired. Second even if the obtained results are due to 
interference with ongoing consolidation processes, the 
effect has been shown to occur only in subjects using place 
strategies. As such the results still do not provide any 
support for Olton's hypothesis. since working memory is not 
restricted to spatial information, Olton and his colleagues 
would sstill, predict (~impairment ain subjects) susineg onon= 
Spatial strategies. 

While the results from both the present experiments 
support the spatial map hypothesis, those of Experiment Two 
specifically undermine the working memory hypothesis of 
Olton and his colleagues. The working memory hypothesis 
clearly predicts that hippocampal disruption should produce 
impairments in tasks involving working memory components. 
The present findings that stimulation did not affect groups 
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conclusion is strengthened by the fact that the task on 
Witch the” dissocration of * thé” effect **of hippocampal 
stimulation was obtained involved identical arrangements of 
physical stimuli. In other words, each group was exposed to 
the same configuration of stimuli, suspended and fixed 
alike. This represents a significant advantage over 
experiments which test predictions using different 
experimental setups. The direct nature of the comparison of 
the two hypothesis adds strength to the conclusion drawn. 

In discussing the results of Experiment Two’ there 
appear to be two findings which need to be explained. 
iret, as” in” Experiment One, “what is’*the ‘nature of “the 
spatial impairment produced, and second why was there no 
effect seen in the stimulated CUE subjects? 

The answer to the first question has already been 
extensively discussed. It is suggested that in this case 
virtually the same comments apply, since the training 
procedures were constant across the series of experiments. 
However there is one important difference which must _ be 
mentioned. In Experiment Two the MAP subjects learned that 
the» platform could be invany of four lTocations on a given 
day. Each location was at a similar distance from the wall 
ope the tank, and, perhaps even more important, all four 
locations were symmetrical. Finally the subjects were given 
over four times as much training PrLor to, Stimulation in 
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encouraged the development of alternate strategies, which 
remained latent until the spatial strategy was eliminated 
as an alternative by stimulation. As suggested in the 
aiscussron ,of Experiment Two, , this,would account for the 
different nature of the behavior shown by MAP subjects. in 
the two experiments. 

While the failure of stimulation to have an effect on 
the CUE subjects; does not contradict the spatial map 
hypothesis, “it does present a considerable problem for the 
working -memornyy.hypothesis.. It will.be»recalled.that,.» the 
direct origin of the present series of experiments was’ the 
radial maze study of Collier et al (1982). They interpreted 
the finding, that hippocampally stimulated rats often 
entered arms previously entered on that trial, as evidence 
of an impaired working memory. Similarly they viewed 
instances of stimulated rats entering the wrong arm _ for 
that day as evidence of a different type, or element, of 
working memory. Based on this interpretation they proceeded 
to regard the experiment as strong evidence in support of 
the working memory hypothesis. In the introduction to 
Experiment Two it was suggested that the findings could be 
more parsimoniously interpreted as a simple manifestation 
of a spatial impairment, which resulted in random entries 
Of stimulated) Jrats. einto,ythesemaze carms.  Thesttask..was 
undeniably spatial, since the maze was in a fixed position 


and no distinctive intramaze cues were present. In light of 
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the “present results “it seems warranted ‘to “continue to 
regard the Collier et al results as evidence of a 
Stimulation induced impairment in performance of a spatial 
tack. Le vis, aaportant to point out that at is only. ‘the 
interpretation’ of the Collier study which is questioned. 
tne data obtained, on the other Hand, is replicated by 
Experiment Two and supports the conclusion that the working 
memory hypothesis is not confirmed in either study. 

The important question remaining, then, is what is to 
become of the working memory hypothesis? As mentioned in 
the introduction to Experiment Two one severe problem which 
assails the working memory hypothesis is the lack of 
evidence based on non-spatial tasks. A second equally 
important problem facing the theory is that evidence is 
contradictory concerning the fact that Significant 
reference memory errors often seem to accompany working 
memory errors, particularly during the initial testing 
trials. Such results pose problems for the working memory 
hypothesis. These two areas of concern will form the basis 
for they remaining “discussion “Of "the “working memory 
hypothesis. 

Although there appear to be two distinct problems for 
the working memory hypothesis, it must be pointed out that 
it is the presence of equal reference and working memory 
errors following hippocampal disruption which allow a 


Spatial interpretation to be proposed. As has been 
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emphasized above, several studies involving spatial tasks 
have been cited in support of the working memory hypothesis 
(Olton—& Papas, 1979; Collier et al, 1982). However the 
pattern of results typically reported in these studies 
often includes findings that lesioned subjects make as many 
reference errors, that is, entering non-baited arms, as 
working memory errors, that is, reentering baited arms on 
the same trial. This apparent equality of reference and 
working memory errors paints a compelling picture of the 
disrupted subject being unable to distinguish between the 
arms, all of which appear similar. Consequently the subject 
may recall that it has entered arms on that trial, but it 
may not be able to distinguish them spatially. Thus it is 
equally as likely to enter a non-baited arm as it is to 
reenter a baited arm. In fact, the spatial map hypothesis 
would predict that reference and working memory errors 
would be equal where a spatial task is involved. 

The task employed in the Olton and Papas study (1979) 
has .been rigorously . analysed by its, ,authors into. its 
reference and working memory components. Since the 
hypothesis predicts only working memory errors’ following 
hippocampal disruption, the finding of any reference memory 
errors presents a problem. Olton and his colleagues point 
out that the reference memory errors decline after forty or 
so trhals. However. forty trials is not particularly quick 


in the context of the task employed and the time span 
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allows ample opportunity for changes due to some underlying 
process to become manifest. In this’ case it is possible a 
relearning phenomenon may account for the reference memory 
faprovenent. Thatvi1s;"akter° forty test trials, °during which 
time the same conditions as_ those present during 
acquisition remained in effect, subjects may have been able 
to relearn to identify baited and non-baited arms. 

In this regard it would certainly be interesting to 
compare the results obtained from earlier test trials for 
the mixed arm versus the adjacent arm condition run by 
Olton and Papas in their experiment, but such results are 
not adequately reported to allow this. This brings up the 
question of which results Olton and Papas felt were most 
valuable to concentrate on and subsequently publish. They 
limited their presentation oteresults to those originating 
from the final ten trials of postoperative testing. The 
total number of postoperative trials that they gave is 50 
at arate of one per day for five days a week. Olton and 
Papas “gave two “reasons for concentrating**on-+? the “final 
segment of postoperative testing: 

"First it gives the animal with a damaged brain 

every opportunity to develop the appropriate 

behavior so that any effects due to changes in 

motivation, emotionality, or other irrelevant 
behavioral variables should be minimized. 

Second, permanent or long-term behavioral 

changes following brain damage are of more 


significance in making inferences about 
functional localization than transitory ones." 


(‘p67 05 
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With respect to the second reason offered, it is entirely 
possible that, as suggested above, given a recovery period 
of 10 weeks, during which time testing was continually 
performed, the process of relearning may have occurred. The 
fact that the testing period was longer than the initial 
BCQGUiSELION » pernod ‘supports  jthus,.conjecture.. [Thus the 
terminal performance emphasized by Olton and Papas may 
actually have reflected the effects of the lesions combined 
with a relearning component. Presentation of the initial 
and middle testing results for the adjacent and mixed arm 
conditions would cast some light on this possibility. Such 
data is particularly important from the point of view of an 
approach which proposes that the data from the Olton and 
Papas study could be a demonstration of an impaired ability 
to perform spatial tasks. 

This alternative interpretation would predict that the 
enduring working memory deficit would be more severe, and 
the reference memory recovery would be more dramatic in the 
adjacent arm condition. The logic underlying this 
prediction is as follows. The mixed arm condition requires 
the sahilityi> to, make. fine spatial gdiscriminations to 
distinguish between arms, regardless of whether they are 
baited or not. Thus a spatial hypothesis would predict poor 
reference memory error recovery in the mixed condition. In 
contrast, the adjacent arm condition requires only a broad 


discrimation based on a large block of arms to distinguish 


132 


7 i a ~~ ai ~ _. : ae = a 


boleag gtevo0e7, Ss aovly ge: PROG: . 
l‘eiehiees  2aw gai veea) enna tabse sah 

bes waas (ered) pa on tana tate Be ere pies 

tet ott ede ropa “Say being. ipazve 3 edd 
syat .,9cdy yehien, ele asstuqes posrsa 

> ei] A bas: enh a henkemiee xsennsodaag. 5 

avg enotosy] vale. Be ‘qanutte ada busashivs syed ¥ 

oat 35 aes esreae nt. peniorcn anaes af Ala: 

iu bball aga Riga wat, date griapas “ethbtea § 

it sii idiweoy sind ae agit eos steam ay) sasha 
te waive Sa, SREOg eae nose jisgapgm tiretyotaaeg es. 

ae ool sda seo? ooh Erury aoeogors ato bite G28 i 

viride berhigas aa Be aeons 8 et bhno> stain 

ao phe -alaad iekiens m0iheq) 0: ia 

e643 tel s2bbaxrg BRC) isbApetneds oe . 

bez e1svss' oso St HDi gaseaes rahan gattiow pabimbas. 
. ohF 4 eee Ser ee. viseooes “yaonem apoaxeiux i 
anus ustivissscn vkget pat ‘\ya@FakBgos \ a38 dassethe. 
pazlnps) eorrthegs ait Asean Sat ‘ewpdiod a6 #2 avtdatbazg 
ea enotonetebioeth fandwan: ontd adem of aiiides wh? 
ote gars. Seilgete te ‘zapteabes (2076, mooviod tetogarseth 

100g a9lsedq> bio cidetbovd feigaqe s 2udT .30n to betisd. 
ad fackies ees deste om nt, (2eFuses  tG729 promen aonetsiss 


feed 


bacrd <¢ Poe, ass tugs nad eees be tagas {bm oda ,2eB 13009 


delugwiee thoes eate Jo deeld Ge xnt p oe Beeed nofteninsesrt 


SE: 


baited from non-baited arms, hence the spatial hypothesis 
would predict better recovery from reference memory errors 
Hina ethis CONndit1On. Further thetadjacent "condition would 
also make it more difficult to avoid working memory errors 
Since subjects must make fine discriminations among similar 


arms in spatially similar locations. Consequently the 


Spactial* map hypothesis’ would*predict™that faster -recovery 


from reference memory errors and a more enduring working 
memory deficit would result while the adjacent condition 
was in effect. Unfortunately the data required to test 
these predictions were not presented. The only mention 
Olton and Papas made of the result of the analysis of the 
adjacent versus mixed condition was to conclude that’ they 
qed -not-dirter-over*thetfinal*ten trirats,. 

The fact that recovery of reference memory errors took 
forty trials, in itself provides some suggestion that the 
spatial hypothesis is valid. Olton has reported elsewhere 
that reference and working memory errors were nearly equal 
for the first few postoperative testing trials (Olton et 
al, 1980). Regardless of their preference to deal with the 
tonal trials, Something must, aqcount’ for the tnttial “test 
trial results, since the working memory hypothesis cannot. 
It is proposed by the present author that the spatial map 
hypothesis is a valuable candidate in this regard. 

In their discussion of the reference memory error 


recovery Olton and Papas suggest an explanation based on 
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the interference characteristics of the working and 
reference memory tasks. In their analysis they suggest that 
the amount of interference produced in the task is 
substantially greater for the working memory than _ the 
reference memory component. Their reasoning is as follows. 
~The more baited arms which are successfully visited on any 
given trial, the greater the subsequent interference in the 
working memory component of the task. Thus the working 
memory component would be expected to be a greater source 
of interference. However what is not clear is _ why 
interference would not be equally great in the reference 
memory component since performance of the overall task 
requires an equivalent memory of which non-baited arms have 
been entered on a trial. One interesting question that this 
raises is whether to score reentries to non-baited arms as 
reference or working memory errors. Olton and Papas (1978) 
do not address this aspect of the experiment in their 
rather brief discussion of interference. 

This approach is echoed by Jarrard in a later study on 
the effects of selective lesions of the hippocampus’ on 
spatial behavior (Jarrard, 1980). In his experiment Jarrard 
employed a design similar to Olton and Papas, except that 
he used an eight arm maze. His findings were similar to 
Olton and Papas in that following lesioning hippocampals 
tended to make almost equal numbers of reference and 


working memory errors. As testing progressed the reference 
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memory error rate showed substantial recovery. In his 
discussion of these results, Jarrard raises the following 
important question: 

"While the distinction between reference memory 

and working memory is useful in analyzing 

different components of the task, a reasonable 

question toemasknis whetherscthegdiiferent errors 
reflect different underlying processes or 
whether a single process is, in fact, involved. 

Since CH (complete hippocampus), fimbria and 

dorsal fornix animals were impaired in the 

present experiment on both reference and working 
memory components of the task, it seems most 
parsimonious to conclude that a similar process 

must be involved." (p.204) 

Jarrard agrees that the data may be accounted for by 
analyzing the interference characteristics present in each 
component, and it is this approach which leads him to 
conclude that a single factor, namely susceptibility to 
interference, may account for the difference between 
reference and working memory error rates. Thus Jarrard 
questions the explanatory nature of the working memory 
hypothesis, since his conclusion is that a single process 
underlies the differing error rates. 

Le is important Sto “poimt¢*eout. that the same 
interpretation based on the spatial map hypothesis which 
was applied above to the Olton and Papas study may also be 
applied to the Jarrard experiment. Once again a fixed 
radial maze was used and individual arms did not contain 
salient intramaze cues, indicating that the nature of the 


task was predominantly spatial. The finding of equal 


reference and working memory errors immediately following 
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lesioning may be regarded as further support for this 
approach. 
| The present results are interesting to consider in 
this connection. The design of Experiment Two included 
working and reference memory components for spatial and 
non-spatial tasks. If the gradual dissociation between 
working and reference memory error rates was due to an 
increase in working memory interference, then the spatial 
and non-spatial groups should have been equally affected by 
the presence of interference in the working “memory 
component, and a distinction should have emerged in the 
data. What this approach does not predict is the observed 
dissociation based on the spatial nature of the task. 
Further support for the O'keefe and Nadel hypothesis 
has also been reported in studies on man and other 
primates. A promising line of research which attempts’ to 
produce and study primate models of the severe amnesia 
which results from medial temporal lobectomy has_ been 
reported by Mishkin and his associates. Mishkin reported 
that simultaneous lesions of the hippocampus and amygdala 
greatly exacerbated the relatively minor impairment in 
recognition memory which followed lesion of either 
structure alone (Mishkin, 1978). In a follow-up to this 
initial report (Parkinson ‘and Mishkin, 1982) ~21t “was 
reported that memory for spatial locations of objects was 


selectively impaired by hippocampal ablation but not by 
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amygdala ablation. These results produced the conclusion 
that the hippocampus is integrally involved with the rapid 
memorization of the location of objects. Such a conclusion 
is echoed by earlier recent work with human subject who 
have undergone right temporal lobectomies. Smith and Milner 
Carused inartask tinvolving uincidentabocnecallr«of.crandomly 
placed objects on a table, and of their spatial locations. 
They reported that right temporal lobectomy patients were 
consistently impaired in recalling the location of the 
objects when compared to normal controls and left temporal 
lobectomy subjects. In addition right temporal lobectomy 
has also been shown to impair maze learning in intentional 
necalkiconditvons )GCosk ino ee 9.65 2 aeMi ner .e el 965.) .nalhusg ein 
addition to a wealth of corroborative animal literature, 
the O'keefe and Nadel hypothesis also receives support from 
primate and human studies which suggest a selective spatial 
memory function of the hippocampus. Of further interest is 
the finding that there seems to be a hemispheric asymmetry 
in humans which agrees with the generally accepted 
conclusion that right hemisphere structures are concerned 


with more holistic and spatial types of information. 


Conclusions 


One «jofetthe prime motivations for “carrying out the 
three experiments described in this report was to 


investigate a perceived gap in research which has_ been 
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concerned with studying the role of the hippocampus in 
behavior. As has been stated, the literature is extremely 
Sparse concerning studies which have examined the effect of 
various types of hippocampal disruptions on _ performance. 
Since it is generally agreed that the prime impetus for the 
large increase in the volume of hippocampal research over 


thet *last* two decades*was the* need to?find ‘animal analogues 


of the severe memory deficit found to follow surgically- 
induced hippocampal damage in humans, it is somewhat 
surprising that the animal literature has_ essentially 
neglected the effect Foote ongoinge disruption of the 
hippocampus during performance of a learned task. It is 
probable that the main reason for this neglect has_ been 
Pnate™= thee’ deticert?-inV@happocampal "humans* was"*anitially 
regarded/~as “an” inapzility ° to learn, Or ate’ least™? to 
Consolidate FP INLOrMatiton in some: heural storage "location 
However this view has often been challenged in the last few 
years by researchers who suggest that the human deficit may 
be due to faulty retrieval during performance (Warrington 
and*Weiskrantz,” 1975).°°Given this thangé’ in approach; it 
would appear necessary to begin to concentrate on possible 
performance effects of disruption of the hippocampus, in 
addition to the more traditional concern with acquisition 
and consolidation. 

lf? ™ene™ accepts this* reasoning, # © then it? tollows” that 


the current low level of performance oriented hippocampal 
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research is a severe limitation on the data base upon 
which hypotheses as to the function of the hippocampus’ are 
founded. In other words, it may be premature to make 
sweeping conclusion s) treo ncerniing acth els (hunctd om «of the 
hippocampus until the complete nature of the deficit 
Fesultine wironm Sidisruption rot ene hippocampws: ise thu ly 
characterized, and the large gap concerning performance 
effects is substantially reduced. 

Since both major hypotheses propose a memory-based 
function of the hippocampus, it follows that performance 
variables should be of great interest to them. In this 
regard the working memory hypothesis has the distinct 
advantage of) Lebeingetbased tconmpestudies: p which employed 
preoperative acquisition training, in order to examine the 
effects of interference with normal hippocampal neural 
function.on pernfonmance -of; earned -tasks:. Indeed, , Olton's 
Stated research strategy is to employ post-acquisition 
lesioning. 

The spatial map hypothesis, however, may be regarded 
as being equally concerned with the role of the hippocampus 
in acquisition and performance alike. According to O'Keefe 
and Nadel (1978) the hippocampus is essential for not only 
the retrieval of information from the map when performance 
is required, but also with the initial construction of the 
map. Unfortunately there is a large discrepancy in the 


proportion of acquisition versus performance research upon 
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which O'Keefe and Nadel (1978) base their hypothesis. The 
Vast" *najority*rol|studies*cited-in’support”°of the spattal 
map hypothesis have involved pre-acquisition lesioning, 
with the result that pure performance data has been largely 
ignored. The previously discussed distinction between 
"spatial map' and 'memory' which appears in the quotation 
takentiromithe introduction ttotOlton et *al+@1979)y “clearly 
illustrates this lack of emphasis on the memory aspect of 
the spatial map hypothesis. 

In view ‘of the” above, °it°**is “perhaps ‘even “more 
impressive that results obtained from the present 
performance studies should agree so closely with the 
predicted results based on the spatial map hypothesis. The 


present finding that performance of the Morris water’ task 


following stimulation is impaired when the task LS 
exclustvery “spattaly” requiring” a-place “strategy “; ‘and 
unaffected when the task requires a guidance strategy, is 


precisely the pattern of results predicted by the spatial 
map hypothesis. 

Given this strong confirmation, from both experiments, 
of the spatial map hypothesis, and the lack of support for 
the working memory hypothesis, it must be concluded that 
the present series of experiments clearly indicates a 
crucial role of the hippocampus in the ability to employ a 
place strategy. The results obtained are complementary to 


the other main body of results obtained from the use of the 
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Morris water task, namely, those employing preacquisition 
ee eee Taken together the results from these’ studies 
and the current ones strongly suggest that at least one of 
the major, functions in which the hippocampus plays a part 
is the ability to efficiently construct and employ a neural 
representation of a familiar environment. 

Havin ow Obawne athvesCONCLUSLON,. jt) is, important, to 
discuss one final issue which has often been raised 
concerning both major hypotheses discussed in this’ paper. 
One of the prime criticisms levelled at both theories is 
that they propose a unitary function for a brain structure 
which receives input from a large number of cortical and 
subcortical areas. In his reaction to the working memory 
hypothesis, Ellen (1979) makes the following crucial point: 


Slt bis clear thar Oltonsissattenptang to, subsume 
all aspects of the hippocampal deficit under a 
Single functional rubric, much Tike those that 
argue that hippocampal damage results in a 
failure to, process, opaciatneues or £O. form a 
Cognitive, map. ~lnveithersecase,.t 1s. postulated 
that the hippocampus has a unitary function and 
that bhes lesion winpatrs.this funct1 On. 8 Wee sus 
remarkable that investigators still attempt to 
findyunsatatrvent UNCLIONS ior structures as ycomp lex 
- with respect to input-output connections, 
neurotransmitter mechanisms, and so forth - as 
the hippocampus. Given the many sources of input 
to the hippocampus, and its extensive 
projections, Unitary conceptualizations (sic) of 
hippocampal function would seem to be _ overly 


simple and unwarranted. Rather, a more 
reasonable Strategy would seem to be the 
assumption that the hippocampus is involved in a 
number of behavioral functions and that 
different behavioral tasks may tap into these 
functions to varying degrees. It would then 


become important to determine for any given task 
whether, for example, spatial/non-spatial cues 
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play a greater role in determining performance 

than the operation of a working memory rather 

than a reference memory system." 

(Ebiens (p.329)) 

While Ellen makes this point rather forcefully it may 
be argued that the effort is not altogether necessary. It 
is probably the case that neither O'Keefe and Nadel, nor 
Olton and his colleagues seriously suggest that the 
hippocampus is solely involved in spatial mapping or 
working memory respectively. Most likely the reason this 
criticism has been voiced is that each author has_ been 
concerned with presenting the strongest possible case for 
his approach, one which does not admit many alternatives to 
the discussion. Hence in dealing with a single hypothesis 
pthc is inevitable that some may view the author as 
suggesting a unitary function. The problem is easily 
eFininated **by? "slrently aetttying » the* "cFaims "of * those 
presenting the hypothesis. Instead of postulating that "The 
hippocampus mediates function A", all that is necessary is 
to restate the “assertion, “such that it “becomes "One of the 
functtons, *or ‘Ihe: major function. lm etnies. way "tre 
hypothesis being forwarded loses little impact, yet the 
overall “effect? is “to*rediuce "the “rieirdirty ofthe "position 
espoused. 

Some concrete evidence suggesting that Olton et al 
readily admit to alternative functions of the hippocampus 


fs *"found? Bn ?’their tdiscusstonm of "the “Becker "*et al study 


described in the introduction to Experiment Two. In 
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commenting upon the impairments found in this study they 
conclude: 

"The selective impairment of rats with fimbria- 
fornix Lesions in the retention of the location 
discrimination but not in the retention of the 
object discrimination does not support the idea 
that only the memory requirement of a task is 
important in determining whether or not a 
deficit’ will occur’ following «damage to the 
hippocampal system." 

(Becker et al, p.244) 
Thus the Becker et al experiment is important in that it 
illustrates a situation where the results clearly show that 
the hippocampus is involved in functions other than 
mediating working memory. In the same vein the _ present 
results invite a similar conclusion. 

While Ellen makes this point rather forcefully it may 
be argued that the effort is not altogether necessary. It 
is probably the case that neither O'Keefe and Nadel, nor 
Olton and his colleagues seriously suggest that the 
hippocampus is solely involved in spatial mapping or 
working memory respectively. Most likely the reason this 
criticism has been voiced is that each author has_ been 
concerned with presenting the strongest possible case for 
his approach, one which does not admit many alternatives to 
the discussion. Hence in dealing with a single hypothesis 
it is inevitable that some may view the author as 
suggesting a unitary function. The i problem is easily 


eliminated by slightly modifying the claims of those 


presenting the hypothesis. Instead of postulating that "The 
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hippocampus mediates function A", all that is necessary is 
to restate the assertion, such that it becomes "One of the 
rumect tons “tor e'elrer mayor. function. lin. this way = "tire 
hypothesis being forwarded loses little impact, yet the 
Overalw.-efrect sis to reduce the rigidity of the “position 
espoused. 

Some concrete evidence suggesting that Olton et al 
readily admit to alternative functions of the hippocampus 
is found in their discussion of the Becker et al _ study 
described “in the*"introductton “to Experiment ‘Tiree: ‘In 
commenting upon the impairments found in this study they 
conclude: 

" The selective impairment of rats with fimbria- 
fornix lesions in the retention of the location 
discrimination but not in the retention of the 
object discrimination does not support the idea 
that only the memory requirement of a task is 
important -in--determining— whether.’ or * not a 
deficit will) occur Sstollowine damage.’ to “the 
hippocampal system." 

COltor etlat. p.244) 
Thus the Becker et al experiment is important in that it 
illustrates a situation where the results clearly show that 
the hippocampus is involved in functions. other than 


mediating working memory. In the same vein the present 
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Plate l. 


EEG Records Obtained During Surgery In 
Experiment One. 


Part A shows the bursting patterns 
recorded as the electrode entered the 
pyramidal layer (top trace) and then the 
molecular layer of the dentate gyrus 
(bottom trace). Note that the pyramidal 
burst has more spikes over 100 microvolts 
than the dentate granule burst (17 vs 2). 
Also the frequency of the spikes is 
Slightly greater in the pyramidal record. 
Calibtration:-)0 %microvolts & 0.5: sec. 


Part B shows representative samples of 
theta activa ty,” (from the hippocampal 
region. The top trace is from the dentate 
gyrus, and the middle and bottom traces 
are from the dentate gyrus and ipsilateral 
pyramidal area of a different subject. 

Calipration-s700emicrovolts, G V0 ese sec, 


Part C shows sample evoked potentials 


obtained during surgery. ihe. t operand 
middle traces show Similar evoked 
potentials obtained from the top and 
middle electrodes of one subject. The 
Stimulating electrode situated in the 


contralateral dentate gyrus was stimulated 
at lawlow, Bréequenay (U2Ziwolts, 2: Hz, 0.2. ms 
pulse width) such that each record in Part 
C consists of multiple evoked potentials 
Superimposed on each other. 

The bottom trace shows an evoked potential 


obtained from the dentate gyrus 
contralateral to the stimulating 
electrode (stimulus parameters were 9 


volts; su iz, 402 ms pulse wad the) 
Calrbration = 2Z00.microvolts &® 10° msec: 
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Plate 2. Photomicrographs Showing Electrode Place- 
ments For Subjects In Experiments One and 
Two. 


Sections A to D provide representative 
sections from Experiment One, showing the 
electrode track and the tip placement. 
sections E and F are from subjects in 
Experiment Two. Note that the elctrode 
tracts anes wider” iIn.bthe:first four 
sections, and also note the presence what 
appears to be infected tissue. Sections E 
and F show examples of subjects classified 
as having large and medium infections 
respectively. 
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